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Six Sigma has become a frequently used term in discussions regarding quality 
management. The international and national competitive environment is in a process of 
constant change by the globalization of markets and the increased independence of 
economic agents. This process of change has brought increased demands on the 
organizations’ competitiveness and customers have gained a central role in organizations’ 
focus. Six Sigma is considered to be an important management philosophy, which 
supports organizations in their efforts to obtain satisfied customers.  
However, as Six Sigma has become a strategic necessity for service organizations, a large 
number of tools and techniques have been suggested by academics and practitioners for 
its implementation. Intriguingly, despite the extensive effort that has been invested and 
benefits that can be obtained, the systematic implementation of Six Sigma in service 
organizations is limited. Furthermore, diversity among researchers exists regarding actual 
benefits of Six Sigma and its suitability to service organizations. The role and 
contribution, which service organizations make to the economy, has become widely 
recognized. As service organizations have been slow to adopt Six Sigma, issues 
concerning its implementation in services are of major importance.  
This research work presents results from two aspects. The first concern is with the 
estimation of success and progress of service organizations due to Six Sigma 
implementation. This is accomplished by conducting a large-scale survey of service 
organizations situated in different geographic locations. The results obtained by 
analyzing the responses indicate that mainly mass services have implemented Six Sigma 
throughout the organization and they are the most successful and progressive. The use of 
xiv 
 
tools and techniques is also different among successful and less successful organizations. 
Successful service organizations use less number of tools and techniques compared to 
less successful organizations.  
The second aspect is related to development of a conceptual framework on Six Sigma 
implementation in service organizations using grounded theory methodology. The focus 
here is on critical success factors (CSFs), critical-to-quality (CTQ) characteristics, key 
performance indicators (KPIs), and set of tools and techniques (STTs). The data is 
collected through surveys (small-scale and large-scale) and case studies. Small-scale 
survey was conducted in Singapore service organizations. There are 18 case studies for 
this study. The case studies have been conducted by studying service organizations in 
Singapore which have implemented Six Sigma. The analysis of data from surveys and 
case studies indicates that some of the CSFs, which are often described as the key 
ingredients, are more adequate than the others when initiating Six Sigma implementation. 
These CSFs are top management commitment, support of team members, and customer 
focus. The results also point out CTQs varies across service types and the term KPI is 
interpreted as similar to CTQ. There is difference in usage of STTs between successful 
and less successful Six Sigma service organizations. In addition the study also visualizes 
that CSFs, CTQs, and STTs vary across service types. The findings also indicate 
difficulties faced in Six Sigma implementation by service organizations, which shows, 
rather than the difficulty of data collection; part-time involvement, extension of project 
timeline, and staff turnover during projects or after training are the major difficulties. 
Unknown to us as a reason for not implementing Six Sigma prompts us to further 
xv 
 
understand the unique nature of service organizations and provide a customized approach 
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CHAPTER 1 INTRODUCTION 
1.1 Research Background 
Quality management has long been established as an important strategy for achieving 
competitive advantage. The aim of the businesses may differ, but the importance of 
customers is a matter of common interest. The ability of the organizations to adapt to new 
customer requirements in a globalized market is of vital importance for long-term 
success. Traditional quality initiatives such as statistical quality control, zero defects, and 
total quality management, have been key initiatives for many years. In last two decades, 
Six Sigma evolved as a new quality management initiative and now many organizations1 
are working towards its implementation.  
Six Sigma is a disciplined approach for improving manufacturing or service processes, 
based on defined metrics (Hahn et al., 1999). The strength of Six Sigma lies in its well 
defined framework involving methodology applying different tools and techniques (Goh, 
2002). The Six Sigma journey started from Motorola in 1980s and spread its importance 
through adoptions by different high profile organizations such as General Electric (GE), 
Honeywell, Asea Brown Bovari (ABB), Lockheed-Martin, Polaroid, and Texas 
Instruments (Goh, 2002; Hahn et al., 1999). This initial success of Six Sigma has seen its 
implementation spreading in several other organizations mostly in mass-manufacturing 
sector (McAdam et al., 2005). These organizations adopted the systematic framework of 
Six Sigma through training and project management practices (Brady and Allen, 2006). 
The use of Six Sigma has been relatively high among many western organizations till 
                                                            
1
 The terms “organization” and “company” are used synonymously in this thesis to refer to a private or 
public owned producer of goods or services 
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now, see, for example, Inozu et al. (2006), Raisinghani et al. (2005), and Antony (2004b), 
but there exists a diversity of opinion among researchers regarding the actual benefits of 
Six Sigma. Literature explaining about the positive effects on financial performance can 
be found in e.g. Jones Jr. (2004), Goh (2002), Caulcutt (2001), and Rucker (2000). 
However, McAdam and Lafferty (2004), Senapati (2004), and Paul (1999), for instance, 
express a more pessimistic view regarding the benefit of Six Sigma investments.  
Similar to Six Sigma, services in the last two decades have become an important part in 
economies of developed as well as for developing nations.  The importance of services 
has also increased as it became a major employment provider (Cook et al., 1999).  This 
increased importance of service sector has various researchers contributing to the service 
literature.  The service research from its beginning can be divided into stages such as an 
initial realization of the difference between goods and service, the development of 
conceptual frameworks, the empirical testing of these frameworks and the application of 
the tools and frameworks to improve service management (Johnston, 1999).  The various 
stages of service research have gained by the major contributions from marketing and 
after that to some extent from operations management field.  
But in case of definitions, services still lack a unified definition and similar can be said 
about the classification scheme. So, there is a need to provide a universally accepted 
classification scheme which can be done through empirical derivation and considering 
different dimensions of service organizations. This will facilitate in exploration of service 
quality and service strategy (Cook et al., 1999).  As service quality is now the major 
focus of service organizations, so a better understanding of unique characteristics of 
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services will be helpful. This in turn will help spreading new quality initiatives such as 
Six Sigma, in services.  
This spread, however, is limited in service industries.  A key argument here is that many 
service processes are unseen, intangible, and even immeasurable.  As such, they are not 
amendable to improvement using a Six Sigma approach. This thinking has turned out to 
be rather presumptuous at least for the health care, banking, and call center services 
which have been able to apply Six Sigma (Hensley and Dobie, 2005). Other services such 
as education and hospitality are also beginning to see Six Sigma applications. 
1.2 Research Objective 
The question of Six Sigma and its implementation and performance in service 
organizations has not before been under investigation. The literature includes many 
papers describing Six Sigma implementation in a variety of business types; however, 
very few of these papers report empirical research and include single case studies 
(Hendry and Nonthaleerak, 2005). Examples of non-manufacturing contexts discussed in 
the literature include healthcare and financial services, as well as in non-production 
internal functions within a manufacturing organization (Nonthaleerak and Hendry, 2008). 
The paper by Wyper and Harrison (2000), discuss Six Sigma implementation in non-
manufacturing context and highlights the difficulties specific to that context. Does et al. 
(2002), present a comparison of eight Six Sigma projects in non-manufacturing processes 
with a theoretical manufacturing application in a case study company in the Netherlands. 
This paper addressed various problems, typical of non-manufacturing and also identified 
difficulties in tools application. They conclude that Six Sigma can be applicable in non-
manufacturing contexts with minor adaptations. Given that, the research is based in a 
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single case study setting, there are limits on the degree to which the conclusions can be 
generalized (Nonthaleerak and Hendry, 2008). McAdam and Lafferty (2004) conducted a 
survey in a single company on Six Sigma implementation issue from process and people 
perspective. They found low success of Six Sigma in non-manufacturing areas.  
The literature on discussion about Six Sigma in service organizations also concentrate 
about issues in implementation due to inherent differences between manufacturing and 
service. The possible reason being the manufacturing roots of Six Sigma like other 
quality management initiatives. Antony (2004a), Benedetto (2003), and Sehwall and De 
Yong (2003), argue for example that there are certain differences in Six Sigma 
implementation in services2 from manufacturing which acts as a barrier in Six Sigma 
implementation in service organizations. 
Failed implementation initiatives, especially as extensive as Six Sigma implementation, 
result in financial losses and potential resistance towards change among the actors 
involved. It is therefore of importance that the implementation strategies used are well 
adapted, see, e.g. Biolos (2002). Hence, the literature has conflicting evidence regarding 
the applicability of Six Sigma to non-manufacturing settings and therefore there is a need 
to investigate further this issue (Nonthaleerak and Hendry, 2008). 
The studies so far focused on Six Sigma implementation in non-manufacturing context at 
project level. The studies are mostly single case studies and descriptive in nature. The 
survey based studies are either pilot survey or focused on a single organization. Thus, 
there are a number of key research gaps in the literature, which our research aims to 
address. 
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 To reduce ambiguity “services” and “service organizations” are used interchangeably in this thesis 
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• There is insufficient empirical evidence to verify and further explain the Six 
Sigma CSFs identified in service organizations. 
• The existing difficulties in Six Sigma implementation in service organizations are 
not well understood. 
• There is a scope to contribute to Six Sigma implementation in service 
organizations by enhancing the knowledge about tools and techniques usage.  
Our research will focus on individual Six Sigma projects in service organizations to fill 
the identified research gaps. 
1.3 Research Questions 
Based on the above discussion following research questions have been identified: 
RQ1. What success factors are of importance for succeeding with a Six Sigma 
implementation in service organizations? And how do they impact its 
implementation in services? 
RQ2. How service organizations that have successfully implemented Six Sigma worked 
and what difficulties have emerged during the implementation process? 
RQ3. What are the tools and techniques for Six Sigma implementation in services? And 
how they are selected? 
1.4 Purpose of this Thesis  
The two overall aims of this research work are: 
• To estimate success and progress of Six Sigma implementation in service 
organizations. 
This will be accomplished by qualitative analysis of the quantitative data 
collected through small-scale and large-scale surveys. The organizations will be 
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judged based on their level of success and level of progress in Six Sigma 
implementation. 
• To develop a conceptual framework including critical success factors, critical-to-
quality characteristics, set of tools and techniques, performance metric and 
difficulties regarding Six Sigma implementation in service organizations. 
This will be accomplished by attaining a better understanding of Six Sigma 
implementation in service organizations, through studying, analyzing, and 
describing such implementation processes within a qualitative methodological 
approach. 
1.5 Thesis Structure 
The thesis is divided into eight chapters which include an introduction to the thesis, 
literature review on Six Sigma and its implementation in service organizations, 
preliminary case studies, development of framework, the research methodology, results, 
discussion about the findings from surveys and case studies, and framework 
consolidation, finally in conclusion, implications, limitations, and future research are 
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CHAPTER 6 
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Chapter 2 is the literature review section. It covers the past research on Six Sigma and its 
implementation in manufacturing and service organizations. More specifically it provides 
a review of literature of 12 years and analyzes the literature on different aspects. The 
review shows the trend of literature on Six Sigma and explains about its definition, 
methodology, and tools and techniques used. The discussion is also on critical success 
factors, critical-to-quality characteristics, and key performance indicators. The chapter is 
concluded by providing the summary and findings from literature review. 
Chapter 3 discuss about the development of a conceptual framework for Six Sigma 
implementation in service organizations. The framework is developed on the basis of 
literature review.  
Chapter 4 describes the research methodology as well as the reasons for choosing this 
methodology. The development and implementation of our methodology in terms of 
questionnaire structure and design for both small-scale and large-scale survey, interview 
questions and data collection procedure for case studies, response variables, testing for 
bias, and target population for both surveys, are presented. 
Chapter 5 is about the macro study, which involve two case studies. One of the case 
studies is conducted on customer feedback process whereas the other is in library service 
environment. The chapter provides the background, and the discussion on findings from 
these two studies. 
Chapter 6, 7 and 8 presents the results of the research. They are derived from qualitative 
analysis of data from surveys and case studies. We focus on both the situation and 
application of Six Sigma implementation and the factors that affect the implementation of 
Six Sigma in service organizations. 
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Chapter 9 is about the discussion and framework consolidation. The discussion is based 
on CSFs, CTQs, KPIs, and STTs. The framework developed in chapter 3 is consolidated 
here based on the findings from surveys and case studies.  
Chapter 10 is the conclusion. Limitations and implications of the research, and 
recommendations for future work are discussed.    
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CHAPTER 2 LITERATURE REVIEWΨ 
2.1 Introduction  
Though Six Sigma originated in industry but in recent times it has inspired a considerable 
amount of academic literature. This chapter reviews this literature covering a timeframe 
of twelve-years (1995 – 2007) describing the trends, sources, and findings. This chapter 
also seeks to synthesize the literature with an emphasis on Six Sigma implementation in 
service organizations. In doing so, there is an attempt to answer the fundamental 
questions: (1) What is Six Sigma? (2) What are the critical success factors (CSFs) for Six 
Sigma implementation? (3) What are the critical-to-quality (CTQ) characteristics, key 
performance indicators (KPIs), and set of tools and techniques (STTs) for Six Sigma 
implementation? (4) How CSFs, CTQs, KPIs, and STTs differ in manufacturing and 
service organizations? 
The chapter also focuses on adoption of Total Quality Management (TQM) by 
organizations. This helps in understanding the obstacles to TQM implementation in 
organizations. Overall, this additional information helps us in understanding the issues 
towards Six sigma implementation in service organizations. 
2.2 Literature Review Methods and List of Articles 
The review of literature on Six Sigma focused on papers published in journals, 
magazines, conference proceedings, and excludes articles published on websites of Six 
Sigma community, such as isixsigma.com. The aim of those articles (refer appendix B) is 
to share ideas and best practices among members of the community but is vague from 
academic point of view (Hendry and Nonthaleerak, 2005). The search was derived from 
                                                            
Ψ
 Part of the discussions in this chapter is published in Managing Service Quality, vol.17 no.2, 2007. 
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two databases, Science Citation Index (SCI) Expanded and ABI/INFORM, spanning a 
time period of 1995 through 2007. Seven descriptors were used: Six Sigma, Six Sigma in 
services, Six Sigma in manufacturing, quality initiatives in services, quality initiatives in 
manufacturing, Six Sigma and quality control, quality management and Six Sigma. A 
total of 180 articles related to Six Sigma were identified and covered in the review. The 
text of each article was reviewed in order to eliminate those, which were clearly not 
related to Six Sigma. For example, in SCI Expanded database there were several articles 
related to chemistry which used the term Six Sigma in an unrelated context. The list of 
journals, magazines, and proceedings that provided at least one relevant article is shown 
in Table 2.1. Overall, it is not claimed that the list of articles included is exhaustive, only 
that the associated databases serve as a reasonably comprehensive list for understanding 
Six Sigma related research. 
Table 2.1: List of journals, magazines or proceedings with at least one article in the study 
Conference Proceedings 
• 32nd ASEE/IEEE Frontiers in Education Conference 
• 3rd ANQ Congress and 19th Asia Quality Symposium 
• ASQ World Conference on Quality and Improvement Proceedings 
• ASQ 54th Annual Quality Congress 
• IEEE Conference on Management of Innovation and Technology 
Magazines 
• ASQ Six Sigma Forum Magazine 
• Industrial Engineer 
• CIO Enterprise 
• Forbes 
• Managed Health Care Executive 
• Productivity Digest 
• Professional Safety 
• Quality Digest 
• Quality Progress 
• Quality Technology Company and Circuits Assembly 
• The TQM Magazine 
• Transmission and Distribution World 
• Ward’s Auto World 




• ABA Banking Journal 
• Association for Quality and Participation 
• Benchmarking: An International Journal 
• British Medical Journal 
• Harvard Management Update 
• Hydrocarbon Processing 
• IEEE Manufacturing Engineer 
• IEEE Engineering Management Review 
• Industrial Management and Data System 
• International Journal of Health Care Quality Assurance 
• International Journal of Operations and Productions Management 
• International Journal of Quality and Reliability Management 
• Journal of American Academy of Business 
• Journal of Applied Statistics 
• Journal of Health Care Management 
• Journal of Industrial Technology 
• Journal of Marketing Management 
• Journal of Operations Management 
• Journal of Organizational Excellence 
• Managerial Auditing Journal 
• Managing Service Quality 
• Quality and Reliability Engineering International 
• Quality Engineering 
• Supply Chain Management Review 
• Technovation 
• The American Statistician 
• The International Journal of Advanced Manufacturing 
• Total Quality Management and Business Excellence 
The focus of this review was in three areas. First, what is the definition of Six Sigma? 
Since a solid definitional foundation is required to undertake rigorous analysis. Second, 
what are the reasons behind phenomenal success of Six Sigma in manufacturing sector? 
Whether this success is similar in case of service sector? Third, is to explore the current 
state of Six Sigma implementation in service sector. 
2.3 The Classification Scheme 
Articles are classified using the eight descriptors as shown in Table 2.2. Following Brady 
and Allen (2006), articles were classified as authors representing either academic 
Chapter 2                                                                          Literature Review 
13 
 
institutions or industry or constituting a team with representation from both. Many 
articles contained discussion of the phases Define, Measure, Analyze, Improve, and 
Control (DMAIC) with only a few defining them. 
Many articles made explicit reference to either the manufacturing or service sector issues, 
while others offered general contributions. A common feature of articles was mentioning 
3.4 defects per million opportunities in relation to the definition of Six Sigma. Following 
Zain et al. (2001), articles were classified as focused on case studies, survey results, 
literature review, comparative analysis, or theoretical with application. The articles based 
on case study are focused on an example drawn from one or more organizations. 
Comparative analysis refers to studies between countries, professions, changes over time; 
evaluations and critical reviews of e.g. techniques, ideas, and theories. Theoretical with 
application are studies based on applications of theory to real life situation. A sizable 
fraction of articles investigated the factors contributing to the success of Six Sigma 
implementation. For those articles, the specifics success factors mentioned were 
tabulated. The terminology used to describe the success factor was standardized to 
correspond to the dimensions of quality management practice in Sousa and Voss (2002) 
wherever possible. The classification of articles based on success factors is done based on 
Brady (2005). 
There are some other articles which mentioned about critical-to-quality (CTQ) 
characteristics and key performance indicators (KPIs) or performance metrics. For those 
articles specific CTQs and KPIs mentioned are tabulated. 
Finally, the articles are classified based on journal impact factor (Brady, 2005). The 
Science Citation Index (SCI) provides a number called journal impact factor that is a 
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ratio between the citations to articles in a journal to the average number of citations to 
journals in that field. The impact factor can be viewed as a rough estimation of the 
academic quality of the journal. This classification differentiated these articles from 
others without specific recommendations for practices or having rigorous statistical or 
optimization justifications.  
Table 2.2: Descriptors used to classify articles (adapted from Brady, 2005) 
Descriptor Source Levels 
Authorship Brady and Allen (2006) Industrial (I), Academic (A), or 
Both (I,A) 
Industrial Sector Zain et al. (2001) Manufacturing (M), Service (S), 
or General (G) 
Research Approach Zane et al. (2001) Case Study (CS), Comparative 
(C), Survey (S), Literature 
Review (LR), or Theoretical 
with Application (TA) 
Journal Impact Factor Science Citation Index 0 to 9.723 
Success Factors Brady and Allen (2006) All combination of possible 
success factors 
2.4 Literature Trends 
In this section, a characterization of the database of articles using statistics derived from 
the classifiers as described in the last section is provided. Goals include the identification 
of trends including those that relate to the authorship of articles and the subjects 
addressed. There is also an investigation of the Six Sigma implementation literature in 
manufacturing and service sectors separately. Finally, results focusing on success factors, 
CTQs, and KPIs are discussed.   




Figure 2.1a: The yearly number of Six Sigma articles in manufacturing and their 
authorship 
 
Figure 2.1b: The yearly number of Six Sigma articles in services and their authorship 
Figure 2.1a and 2.1b shows the number of articles published about Six Sigma versus the 
year, in manufacturing and services respectively. Based on the number of articles there is 
little doubt that the subject is actively reported in manufacturing. The plot suggests 
following findings: 
• First, in case of manufacturing the publication started from very early period and is 
initially dominated by authors from industry. Similar trend is observed for the 
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articles related to Six Sigma implementation in services. For manufacturing the 
number of articles by industrial authors peaked up in 2003, whereas for services the 
domination is still by industrial authors. This trend in authorship from industry 
dominated to academic dominated is not surprising because of industrial origins of 
Six Sigma.  
• Second, at the same time interest among academics started to grow for Six Sigma 
implementation in manufacturing but same cannot be said about implementation in 
services. Over the entire search period, 44% of the authors had industry affiliations 
and 56% had academic affiliations in case of manufacturing related literature. In 
same period, for services, 62% of the authors had industry affiliations and 38% had 
academic affiliations. Figure 2.2a and 2.2b plots the percentage contribution of 
articles by academics and industrial authors about Six Sigma implementation in 
manufacturing and services respectively. It can be anticipated that growing interest 
in Six Sigma implementation in services from the academic arena would add rigour 
and theoretical understanding to the subject. 
 
Figure 2.2a: Six Sigma articles in manufacturing and authorship percentage 




Figure 2.2b: Six Sigma articles in services and authorship percentage 
• The third observation is about the publication in different types of services. It is 
observed that most of the publication still discuss services in general and the 
specific case studies is still limited. Figure 2.3 shows that of the reviewed articles 
37% talks about the application in services in general, of the remaining the 
domination (34%) is by articles in healthcare. This shows that Six Sigma till now is 
mostly applied in health care followed by its implementation in financial services 
(17%).  
 
Chapter 2                                                                          Literature Review 
18 
 
Figure 2.3: Distribution of articles in different services  
2.5 Literature Research Topics and Methods 
Next, the topics and research approaches of the articles in the database are examined. We 
begin by focusing on the topics covered and the dependence of the number of articles and 
scholarly impact on the authorship. Then, the methods used in relation to scholarly 
impact are investigated. 
Figure 2.4 (a and b) are Pareto charts of the number of articles associated with different 
research methods. The articles in manufacturing are mostly case study or theoretical with 
application based. The articles classified as theoretical with application are primarily 
written by academic authors whereas case studies are by industrial authors. The case 
studies are mostly descriptive in nature lacking rigour.       
 
Figure 2.4a: Pareto chart of articles in manufacturing by research approach 
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The articles in services are mainly based on the category of theoretical with application. 
Similar to manufacturing here also these types of articles are written mainly by 
academics. It was noted that these types of articles mostly dealt with DMAIC 
methodology and tools and techniques but are not helpful in developing a model on how 
and why Six Sigma works. There is also limited number of case studies in services and 
those published lack rigour and do not add significantly to theory development about Six 
Sigma implementation in services. 
 
Figure 2.4b: Pareto chart of articles in services by research approach 
As discussed in last section, journal impact factors were developed by the Science 
Citation Index (SCI) to provide a rough measure of journal quality. Figure 2.5 is a box 
and whisker plot of the journal impact factors associated with either academic or industry 
authors. It shows that, academic authors tended to publish in journals with high scholarly 
impact. The articles related dealt mostly with technical level rather than the level of 
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practice, which is more helpful for decision makers in organizations looking for 
guidance. 
 
Figure 2.5: Box plot of impact factors of publications associated to authorship 
 
Figure 2.6: Box plot of impact factors of publications associated to business sectors 
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Figure 2.6 is a box and whisker plot of the journal impact factors associated with articles 
related to manufacturing, services or of generic interest. The plot shows for service 
related publications impact factor varies from very low to very high. This can be 
attributed to limited Six Sigma implementation in services. For healthcare where Six 
Sigma is more visible have articles with high scholarly impact. This is because of 
relatively greater impact associated with specific journals related to healthcare.  Table 2.3 
provides a list of five highly cited articles from service sector, out of which one is from 
healthcare. 
Table 2.3: Articles in services with citation more than one 
S. No Author Year Citation*  
1 Hahn et al. 1999 14 
2 Young et al. 2004 4 
3 Benedetto 2003 4 
4 Raisinghani et al.  2005 2 
5 Wyper and Harrison 2000 1 
 * Citations from Science Citation Index 
2.6 Six Sigma Definitions and Philosophy 
In 1924, Walter A. Shewart from Bell Telephone Laboratories, proposed the concept of 
using statistical charts to control the variables of products manufactured at Western 
Electric. This was the beginning of statistical quality control (Small, 1956). Dr. Shewart 
kept on with his efforts and applied the fundamentals of statistical quality control to 
industry. This lead to the modern attention to the use of statistical tools for the 
manufacture of products and process, originated prior to and during World War II, when 
the United States of America geared up to a massive build-up of machinery and arms to 
successfully conclude the war (Brady, 2005). The Western Electric manufacturing 
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company is noteworthy during this time because it was the breeding ground for many 
quality leaders, not only Shewart but Joseph Juran, Edwards Deming and Kaoru Ishikawa 
all worked there at some time (Dimock, 1977). Two prominent individuals were Deming 
and Juran. Deming promoted the use of the plan-do-check-act (PDCA) cycle of 
continuous improvement. Later Juran introduced the concepts of project by project 
quality improvement. Any discussion on quality today will most likely cite at least one 
from the group of Deming, Juran, Crosby, Feigenbaum, and Ishikawa, if not all. They 
certainly represent the preponderance of information about quality. Adding to this group, 
Bill Smith, Motorola Vice President and Senior Quality Assurance Manager, is widely 
regarded as the father of Six Sigma, Shina (2002). Because Six Sigma was built on 
previous quality methodologies, a list of the pioneers of the quality and their contribution 
is included in Table 2.4. 
Table 2.4: Pioneers of quality and their contribution to Six Sigma knowledge bank 
(adapted from Wortman, 2001) 
Quality Gurus Contribution 
Philip B. Crosby Senior manager involvement; four absolutes of quality 
management; quality costs measurements 
W. Edwards Deming Plan-do-study-act; top management involvement; 
concentration on system improvement; constancy of purpose 
Armand V. Feigenbaum Total quality control/management; top management 
involvement 
Kauro Ishikawa Cause and effect diagram; company-wide quality control;  
Joseph M. Juran Top management involvement; quality trilogy; quality cost 
measurement 
Walter A. Shewart Assignable cause versus chance cause; control charts; plan-
do-check-act; use of statistics for improvement 
According to Shina (2002) before, January 15, 1987, Six Sigma was solely a statistical 
term. Since then, the Six Sigma crusade, which began at Motorola, has spread to other 
companies which are continually striving for excellence. At Motorola, Six Sigma is 
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defined as “A quality improvement program with a goal of reducing the number of 
defects to as low as 3.4 parts per million opportunities or 0.0003%”. Six Sigma has a 
number of different meanings and interpretations (Henderson and Evans, 2000, pp 261).  
Its origin comes from statistics where sigma represents the amount of variation about a 
process average. From a business view of point, Six Sigma may be defined as “A 
business strategy used to improve business profitability, to improve the effectiveness and 
efficiency of all operations to meet or exceed customer’s needs and expectations” (Kwak 
and Anbari, 2006, pp 709).  Various other definitions include: 
• Six Sigma is a formal methodology for measuring, analyzing, improving, and then 
controlling or locking-in processes. This statistical approach reduces the occurrence 
of defects from a three sigma level or 66 800 defects per million to a Six Sigma 
level or less than four defects per million (Bolze, 1998). 
• Six Sigma is a comprehensive, statistics-based methodology that aims to achieve 
nothing less than perfection in every single company process and product (Paul, 
1999). 
• Six Sigma is a disciplined method of rigorous data gathering and robust statistical 
analysis to pinpoint sources of error and ways of eliminating them (Harry and 
Schroeder, 1999). 
• Six Sigma as an information-driven methodology for reducing waste, increasing 
customer satisfaction, and improving processes, with a focus on financially 
measurable results (As defined by Minitab in Goh, 2002). 
The statistical focus of various Six Sigma definitions reflects its basic philosophy.  Six 
Sigma is an operating philosophy that can be shared beneficially by everyone, including 
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customers, shareholders, employees, and suppliers. Fundamentally, it is also a customer-
focused methodology that drives out waste, raises levels of quality, and improves the 
financial performance of organizations to breakthrough levels (Chua, 2001). 
Six Sigma’s target for perfection is to achieve no more than 3.4 defects, errors, or 
mistakes per million opportunities whether this involves the design and production of a 
product or a customer-oriented service process. It is from this target that the name Six 
Sigma originated. 
Compared to a process that has greater variation, a process with less variation will be able 
to fit more standard deviations or sigmas between the process center and its specification 
limits.  An increase in the number of sigmas between the specification limits means the 
acceptance of fewer defects.  More sigmas imply a more consistent manufacturing or 
service delivery process (Chua, 2001). 
2.7 Tools and Techniques and Six Sigma Methodologies 
The concept of Six Sigma was introduced at and popularized by Motorola in 1987. Six 
Sigma is a logical extension of Statistical Process Control (SPC). The concept behind 
SPC is simple enough but powerful, indeed. Variation is present in every 
production/operations process and such variation is due either to common causes or 
special causes. The breakthrough made by Shewart was the statistical definition and 
measurement of variation, where variation within three-sigma limits was deemed to be 
random and produced by common causes, and variation outside of the three-sigma limits 
was produced by special causes, indicating a process problem (Shewart, 1931). The ±3σ 
process limits mean a defect rate of 2.7/1000 or 2,700/1,000,000 opportunities, if one 
ignores lateral shifts in the process, and the capability of the process is thus defined as the 
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range of natural variation, that is, ±3σ, or Cpk = 6σ. Six-Sigma doubles the range of 
normal variation to ±6σ, and allows for a 1.5σ lateral shift in the process average. The 
result is a dramatic tightening of acceptable defect rate target to 3.4/1,000,000 
opportunities. 
The basic elements of Six Sigma are not new. SPC, failure mode effect analysis, gage 
repeatability and reproducibility studies, and other tools and techniques, have been in use 
for some time. Six Sigma offers a framework that unites these basic quality tools and 
techniques with high-level management support. 
There is much literature available on tools and techniques used in Six Sigma. Tools are 
mostly referred to as having a clearly defined role but narrow in focus, whereas 
techniques have wider application and require specific skills, creativity, and training 
(Antony, 2006). Similar to CSFs, CTQs, and KPIs; there is limited literature which 
discuss about STTs specific to service organizations. Discussion on STTs in the literature 
is mostly on its usage at different phases of DMAIC methodology. De Koning and De 
Mast (2006) used seven different literature sources and provided a summary of STTs 
used in DMAIC phases. Some other literature provide classification scheme for tools and 
techniques used. Henderson and Evans (2000) discussed about tool sets in three groups; 
team tools, process tools, and statistical tools. As for Six Sigma tools and techniques 
specific to service organizations, Antony (2006) provides a grid as a guideline for 
services.   
A number of classification schemes for STTs exists, the majority of which are based on 
the DMAIC methodology. The classification schemes by the American Society for 
Quality (ASQ) and by Nancy Tague (1995) called the Tool Matrix provide an exhaustive 
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list of tools and techniques which can be used during Six Sigma implementation.  The 
ASQ classification scheme and the tool matrix have almost similar categories. The only 
difference being in the number of tools and techniques each category.   
2.7.1 Classification Scheme of Tools and Techniques 
2.7.1.1 ASQ Classification 
According to ASQ, tools and techniques that are utilized in different phases of DMAIC 
are classified according to their uses.  There are 7 broad categories: Cause Analysis 
Tools, Data Collection and Analysis Tools, Evaluation and Decision Making Tools, Idea 
Creations Tools, Process Analysis Tools, Project Planning and Implementation Tools, 
Seven Basic Quality Tools, and Seven New Management and Planning Tools. 
Table 2.5: Classification of tools and techniques according to ASQ 
Categories Description Tools 
Cause analysis tools Used to identify the cause of a 
problem.  
Fishbone diagram, Pareto chart, 
Scatter diagram 
Data collection and 
analysis tools 
Used to collect or analysis 
data. 
Check sheet, Control chart, 
Design of experiment, Histogram, 
Scatter diagram, Stratification, 
Survey 
Evaluation and decision 
making tools 
Used to select the best choices 
or to evaluate what is 
performance level of project 
so far.   
Decision matrix, Multi-voting 
 
Idea creations tools  Used to create ideas or 
organize ideas. 
 
Affinity diagram, Benchmarking, 
Brainstorming, Nominal group 
technique 
Process analysis tools  Used when an understanding 
of process flow is desired. 
 
Flowchart, Failure mode effect 
analysis, Mistake-proofing 
Seven basic quality tools  These tools are the most 
fundamental tools of quality 
control.  
 
Cause and effect diagram/ 
Fishbone diagram, Check sheets, 
Control charts, Histogram, Pareto 
chart, Scatter diagram, 
Stratification 
Seven new management 
and planning tools  
Used to encourage innovation, 
communicate information and 
successful planning of key 
projects. 
Affinity diagram, Relation 
diagram, Tree diagram, Matrix 
diagram, Arrow diagram, Process 
decision program chart 
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(Source: American Society for Quality Website) 
2.7.1.2 Tool Matrix 
In Nancy R. Tague’s The Quality Toolbox (1995), she developed a Tool Matrix that 
classifies quality tools according to what the tools can offer.  It is quite similar to the 
categorization suggested by ASQ, but differs, as it encompasses more tools. 
Table 2.6: Tool Matrix (Tague, 1995) 
Categories Tools 
Ideas creation  Affinity diagram, Brainstorming. Brain writing 
Nominal group technique, Relation diagram 
Process analysis Cost of quality analysis, Critical-to-quality 
analysis, Deployment flowchart, Flowchart 
Matrix diagram, Relations diagram, Requirements 
matrix, Requirements-and-measure matrix, 
Storyboard, Top-down flowchart, Work-flow 
diagram 
Cause analysis Contingency diagram, Fishbone diagram, Force 
field diagram, Is-is not matrix, Matrix diagram 
Pareto chart, Scatter diagram, Stratification, Tree 
diagram, Why-why diagram 
Planning Activity chart, Arrow diagram, Contingency 
diagram, Deployment flowchart, Flowchart 
Force field analysis, Matrix analysis, Mission 
statement, Operational definitions, Plan-do-check-
act cycle, Relations diagram, Storyboard, Top-
down flowchart, Tree diagram, Work-flow 
diagram 
Evaluation  ACORN test, Continuum of team goals, Decision 
matrix, Effective-achievable matrix, List 
reduction, Matrix diagram, Mission statement 
checklist, Multi-voting, Plan-results matrix, PMI 
Data collection and analysis Box plot, Check sheet, Control chart, Histograms, 
Importance-performance analysis, Kologorov-
Smirnov test, Normal probability plot, Operational 
definitions, Pareto chart, Performance index, 
Process capability, Requirements-and-measures 
tree, Run chart, Scatter diagram, Stratification, 
Survey 
2.7.1.3 Innovation Tools 
The literature on service design and development talks about various tools which are   
effective in describing and analyzing service problems.  The tools are shown in Table 2.7. 
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Table 2.7: Innovation tools 
S. No. Tool Description 
1 Structured analysis and design 
technique 
Used to model service system 
2 Function analysis Maps customer requirements to required functions 
and means 
3 Service blueprinting Analyze and represents the steps in a service process 
4 Quality function deployment 
(QFD) 
Translate customers’ needs and expectations into 
specifications that are relevant to companies 
5 Root cause analysis Identify potential service failure points, service 
outcome or process problems in service recovery 
process 
6 Theory of Inventive Problem 
Solving (TRIZ) 
Algorithmic approach for solving technical and 
technological problems 
7 Axiomatic design Maintain the independence of the functional 
requirements and minimize the information content 
in a design 
2.7.2 Six Sigma Methodologies 
2.7.2.1 DMAIC Methodology 
Much information is available about the DMAIC (define, measure, analyze, improve, 
control) methodology.  DMAIC is used mostly for existing processes.  This approach not 
only makes use of various tools and techniques, it also incorporates other concepts such 
as financial analysis and project schedule development.  The DMAIC methodology is 
excellent when dealing with an existing process in which reaching a defined level of 
performance will result in the benefits expected. There are number of articles and books 
providing details about DMAIC methodology. Table 2.8 provides the details about each 
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Table 2.8: DMAIC methodology (Chua, 2001)  
Phase Description 
Define Identify, evaluate and select projects; prepare the mission; and select and launch 
the team 
Measure Measure the size of the problem, document the process, identify key customer 
requirements, determine key product characteristics and process parameters, 
document potential failure modes and effects; theorize on the cause or 
determinants of performance 
Analyze  Plan for data collection; analyze the data and establish and confirm the “vital 
few” determinants of performance 
Improve  Design and carry out experiments to determine the mathematical cause-effect 
relationships and optimize the process 
Control  Design controls; make improvements, implement and monitor 
2.7.2.2 Design for Six Sigma (DFSS): Overviewγ 
The emergence of Six Sigma since 1980s has been phenomenal.  Initially, the major 
focus of the organizations was to improve from their existing three sigma limits to Six 
Sigma limit of product or service quality.  The importance of innovation in products and 
services has changed the focus of organizations now more towards proactive approach 
rather than being reactive.  The design for Six Sigma (DFSS) approach is relatively new 
compared to Six Sigma and is discussed in different ways in various literatures.  Most of 
the literatures though agree that DFSS is a proactive approach and focuses on design by 
doing things right the first time.  DFSS can be said as “A disciplined and rigorous 
approach to design that ensures that new designs meet customer requirements at launch” 
(El-Haik and Roy, 2005, pp 33).  According to GE corporate research and development, 
the importance of DFSS is in the prediction of design quality up front and driving quality 
measurement and predictability improvement during the early design phases (Treichler et 
al, 2002).  DFSS can also be explained as a data-driven methodology based on analytical 
                                                            
γ
 Parts of this work are published in 4th Asian Network for Quality Congress (ANQ), Sept 27 – 29, 2006, 
Singapore. 
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tools which provide users with the ability to prevent and predict defects in the design of a 
product or service (De Feo and Bar-El, 2002).  The major focus of DFSS approach is to 
look for inventive ways to satisfy and exceed the customer requirements.  This can be 
achieved through optimization of product or service design function and then verifying 
that the product or service meets the requirements specified by the customer (Antony and 
Coronado, 2002).  
The literatures also concentrate on the differences between DMAIC and DFSS approach.  
Though DFSS involves designing processes to reach Six Sigma levels and is considered 
as an aggressive approach, but it still lacks a single methodology unlike Six Sigma 
(Hoerl, 2004).  The different methodologies used in DFSS are:  
• IDOV (Identify, Design, Optimize, Validate) 
• ICOV (Identify, Characterize, Optimize, Validate) 
• DCOV (Define, Characterize, Optimize, Verify) 
• DMADO (Define, Measure, Analyze, Design, Optimize) 
• DMADV (Define, Measure, Analyze, Design, Verify) 
• DMADOV (Define, Measure, Analyze, Design, Optimize, Verify) 
• DCCDI (Define, Customer Concept, Design, Implement) 
• DMEDI (Define, Measure, Explore, Develop, Implement) 
Some of the other differences are: 
• DFSS is a methodology that takes into account the issues highlighted by the end 
customers at the design stage while DMAIC solves operational issues (Ferryanto, 
2005).     
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• Benefits in DFSS are difficult to quantify and are obtained in long term in 
comparison to Six Sigma, where the benefits are expressed mainly in financial 
terms and obtained rather quickly (www.ugs.com/products/nx/bpi).  
• The DMAIC methodology tends to provide incremental improvements in 
comparison to DFSS where there can be radical improvements (El-Haik and Roy, 
2005). 
• The projects improved through DMAIC methodology are constrained by the 
assumptions made during the development and design stages, whereas DFSS 
builds quality into the design by implementing preventive thinking and tools in 
the product development process (Smith, 2001). 
The tools and techniques involved in the DFSS methodology are also somewhat different 
from those of the DMAIC methodology.  DFSS includes innovation tools such as the 
theory of inventive problem solving, axiomatic design, and quality function deployment, 
which DMAIC does not.  Detailed information about the methodologies can be found in 
(Kwak and Anbari, 2006; Hendry and Nonthaleerak, 2005; El-Haik and Roy, 2005; Goel, 
et al., 2005; Raisinghani et al., 2005; Basu, 2004; Antony and Coronado, 2002; Stamatis, 
2002 (a and b); Harry and Schroeder, 1999). 




* The DFSS model illustrated is Ford Motor Co.’s DCOV approach 
Figure 2.7: DFSS versus Six Sigma (Ferryanto, 2005) 
Though there are differences among Six Sigma and DFSS approaches but still these two 
complement each other.  Different DFSS stages are shown in Figure 2.7.  Problem 
definition is the first stage, where customer requirements are incorporated.  This stage is 
followed by the characterization stage.  The model of the problem in the process or 
engineering domain is developed at this stage, which is basically the translation of the 
voice of customer and the customer usage conditions into an engineering system 
(Ferryanto, 2005).  As seen from Figure 2.7, improvements from the DMAIC are added 
to the model at the characterization stage.  After model development, optimal and robust 
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solutions are found out.  At the last stage the solutions are verified for their usefulness to 
solve the real problem.  
2.8 Critical Success Factors (CSFs) 
CSFs are the essential ingredients required for success of Six Sigma projects in an 
organization (Coronado and Antony, 2002). There have been many studies on CSFs. One 
of the earliest is by Harry (2000), who discussed about six success factors involving 
management’s leadership, belt system, etc. Later on Antony and Banuelas (2002) 
mentioned twelve success factors which include management involvement and 
commitment, linking Six Sigma to business strategy, etc. There are several other studies 
and all of them have at least one common CSF, i.e. top management commitment. The 
discussion on CSFs by Antony (2006) is the only one specific to service organizations. 
Table 2.9 summarizes the CSFs from different literature.   
Table 2.9: CSFs for Six Sigma implementation 
Author(s) CSFs 
Harry (2000) Management’s leadership, training of employees at all levels, 
belt system, financial performance evaluation, compensation 
and incentives, project selection and evaluation 
Henderson and Evans (2000) Upper management support/involvement, organizational 
infrastructure, training, tools, link to human resources-based 
actions 
Goldstein (2001) Deployment plan, active participation of senior executives, 
project reviews, technical support, full-time versus part-time 
resources, training, communications, project selection, project 
tracking, incentive program, safe environment, supplier plan, 
customer “WOWS” 
Antony and Banuelas (2002) Management involvement and commitment, understanding of 
Six Sigma methodology, linking it to a business strategy, 
linking it to customers, project prioritization and selection, 
organizational infrastructure, cultural change, project 
management skills, linking it to suppliers training, linking it to 
employees 
Bhote (2002) Inspiring leadership, tools, total customer satisfaction, 
empowerment of people, robust designs, win-win partnership 
with suppliers, standardized metrics 
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Breyfogle (2003) Selecting key players, selecting key projects, training and 
coaching, project report-outs 
Byrne (2003) Establishment of initiative, participation of CEO, establishment 
of basic principles, selection of black belt for problem solving, 
wholehearted support system, training, project goal set up 
Byrne and Norris (2003) Business process framework, customer and market focus, 
strategy integration, full-time Six Sigma team leaders, 
incentives and accountability, quantifiable measures and results 
Pyzdek (2003) Top management support and participation, providing process 
improvement teams sufficient resources, data-based decision 
making, processes are measured and feedback provided 
Hahn (2005) Financial performance, CEO’s support and enthusiasm, 
improvement of scientific approach, understanding of customer 
requirement and satisfaction, HR development through training, 
specialized team for Six Sigma 
Viseras et al. (2005) Construction of infrastructure, participation of executives, 
training, project selection, application of new product 
development, collection of customer information, connection 
with company strategy, encouragement of cooperation with 
affiliates, construction of specialized teams 
Antony (2006) Strong leadership and management commitment, organizational 
culture change, aligning Six Sigma to corporate business 
objectives, selection of team members and teamwork, Six 
Sigma training, understanding the DMAIC methodology, tools, 
techniques, and key metrics, selection of projects and project 
management skills, linking Six Sigma to customers, 
accountability 
Brady and Allen (2006) Top management commitment, team training, data system, 
structured approach, forming the right team, bottom line focus, 
team involvement, project selection, customer focused, right 
project leadership, goal based approach, change management, 
adaptable system 
Cho and Jang (2006) Management commitment and leadership, belt system, training, 
Six Sigma implementation system, performance evaluation and 
compensation, corporate culture, project identification, 
operating organization, customer centered innovation efforts, 
performance maintenance 
Nonthaleerak and Hendry 
(2008) 
A pattern of full-time or part-time black belt, belts reporting 
structure to project champion, the inclusion of a dedicated team 
of technical support, the effectiveness of Six Sigma training 
programs, the nature of management involvement  
Some of the common CSFs are discussed below. 
i. Top management commitment and involvement 
Almost all the literature reviewed agrees that this factor is a must for successful Six 
Sigma implementation. And this has to be ‘top-down’ rather than initiated by a 
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particular department or from the ground (Goh, 2002). Top management 
involvement helps to influence and restructure the business organization and the 
cultural change in attitudes of individual employees toward quality in a short 
implementation period (Henderson and Evans, 2000). 
ii. Education and training 
Another important feature of Six Sigma is the elaborate training and certification 
processes that result in Black Belts, Green Belts, etc (Goh, 2002).  Education and 
training help people understand the fundamentals of Six Sigma along with the 
application of tools and techniques to different phases of DMAIC. Training is part 
of the communication process to make sure that manager and employees apply and 
implement the Six Sigma techniques effectively (Kwak and Anbari, 2006). 
iii. Cultural change 
Six Sigma is considered a breakthrough management strategy, and it involves the 
adjustment of a firm’s values and culture.  In some cases, substantial change to an 
organization’s structure and infrastructure need to take place (Coronado and 
Antony, 2002).  People facing cultural change and challenges due to the 
implementation of Six Sigma need to understand this requirement.  Also needed are 
a clear communication plan and channels to motivate individuals to overcome 
resistance and to educate senior managers, employees, and customers on the 
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iv. Customer focus 
Customer focus is one of the major requirements in implementing Six Sigma.  This 
is emphasized in terms of critical to quality characteristics. Six Sigma is highly 
much more sensitive to requirements for customer satisfaction (Goh, 2002). 
v. Clear performance metrics 
This is an important factor from a service point of view.  Often the difficulty is with 
identifying what to measure (Sehwall and De Yong, 2003).  Before starting any Six 
Sigma initiative it is better to have a clear idea and agreement on the performance 
metrics to be used. 
vi. Attaching the success to financial benefits 
Representing the success of Six Sigma projects in terms of financial benefits and 
measurement performance has made their selection and completion an important 
aspect for the organizations (Henderson and Evans, 2000).  Financial benefits as a 
measure of achievement makes it easily understandable for the employees and helps 
them to relate to Six Sigma project outcome (Goh, 2002). 
vii. Organizational understanding of work processes 
The amount of effort that a service organization puts into measuring its work 
processes is important.  Some organizations expend much time and effort in 
developing ways to measure the processes that ultimately impact customer 
satisfaction.  Other organizations attempt this half-heartedly and measure only part 
of what is important to the customer.  Like in hospitals the focus may be only on a 
particular laboratory or facility where the interaction with customer tends to be 
relatively greater.  Because Six Sigma programs rely on measurements from 
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processes, organizations with robust measurement systems in place are more likely 
to be ready for a Six Sigma implementation (Hensley and Dobie, 2005). 
The factors discussed above are equally applicable to services and manufacturing.  Our 
literature review found that top management commitment, education and training, 
cultural change, and financial benefits are the most important CSFs.  Figure 2.8 
summarizes the importance of the CSFs as seen by each of the articles that were 
reviewed. 
 
Figure 2.8: Percentage of articles mentioning each of 19 CSFs 
2.9 Critical-to-Quality (CTQ) Characteristics 
In case of CTQs, we focused on its definitions mentioned in the literature. CTQ is 
defined in different ways in the literature but mostly they agree that it is a quality 
characteristic of product or service which is required to be improved from customer point 
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of view. In other words, CTQ is generated from critical customer requirements derived 
from voice of customer (refer Figure 2.9). 
 
Figure 2.9: Understanding critical-to-quality (adapted from Muir, 2006) 
CTQs are the key measurable indicators of a product or process whose performance 
standards or specification limits must be met in order to satisfy the customer.  CTQs align 
improvement or design efforts with customer requirements.  In a layman term, CTQs are 
what customers expect of a product or service.  They are the spoken needs of the 
customer (isixsigma/dictionary).  Six Sigma focuses on process improvement, and 
improving the service process is a major determinant of customer satisfaction. A list of 
CTQ definitions suggested in different literature is provided in Table 2.10. 
Table 2.10: Critical-to-quality definitions 
Author(s) CTQ Definitions  
Henderson and Evans (2000) Attributes that the customer considers having the impact on 
quality. 
Basu and Wright (2003) This simply means the identification of factors that are 
critical for the achievement of a level of quality. 
Breyfogle (2003) Important key process output issues are sometimes classified 
with regard to their area of impact that is CTQ (e.g.: flatness, 
diameter or electrical characteristic). 
Park (2003) It could be a critical process/product result characteristic to 
quality or a critical reason to quality characteristic. The 
former is termed as CTQy and the later CTQx. 
Truscott (2003) Almost all products/processes have numerous quality 
characteristics. It is necessary to concentrate on the 
identification and measurement of key characteristics. In Six 
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Frings and Grant (2005) Element of a process or practice which has a direct impact 
on its perceived quality. CTQs are product or service 
characteristics required to be met in order to satisfy a 
customer specification or need. 
McCarty et al. (2005) A CTQ is a measure on the output of the process. It is a 
measure that is important to meeting the defined critical 
customer requirements. 
Wang (2005) CTQs are the key measurable characteristics of a product or 
process whose performance standards or specification limits 
must be met to satisfy the Voice of Customers. 
De Koning and De Mast (2006) CTQs are those quality dimensions on which a Six Sigma 
project aims to achieve improvement. 
Muir (2006) It is the measure of the output of the process. 
iSixSigma Dictionary CTQs are the key measurable characteristics of a product or 
process whose performance standards or specification limits 
must be met in order to satisfy the customer. 
General Electric Six Sigma 
Glossary 
CTQ is element of a process or practice which has a direct 
impact on its perceived quality. 
The discussion on CTQs in the Six Sigma service literature is limited.  Although services 
are widely different, the analysis from various literatures (Kwak and Anbari, 2006; Jones 
Jr., 2004; Sehwall and De Yong, 2003; Rucker, 2000) shows that some common CTQs 
exist across service. They are discussed below. 
i. Time (service time, waiting time, cycle time) 
In the case of services where the customer is involved in the process itself, time is 
an important consideration. The following three types of time should be considered: 
a. Service time: The time required to serve a particular customer 
b. Waiting time: The time customer waits in the system to get the work done 
c. Cycle time: The total time including service and waiting time. 
ii. Cost 
Like time, cost is sometimes a critical factor from the customer’s point of view.  
The two are in fact intertwined.  Customers may at times be willing to pay more for 
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a service that can be completed in a shorter time.  The trade-off between cost and 
time is, thus, important for services. 
iii. Employee behaviour 
For services where there is high degree of customer contact, employee behavior 
may be an important consideration.  An employee’s attitude towards a customer’s 
problem may well decide whether the customer wishes to continue being serviced 
by the organization. 
iv. Information (accurate information, timely information) 
The growing importance of call center services shows the emergence of information 
needs.  Getting the right information at the right time to one’s customers is, thus, an 
important aspect from a customer point of view. 
2.10 Key Performance Indicators (KPIs) 
KPI is not well defined in the literature and there exist different interpretations of this 
term. Mostly the literature discuss about it as performance metrics, i.e., it is a measure of 
performance in terms of cost, quality, yield, and capacity (Basu and Wright, 2003; Hahn 
et al., 1999). A few of the suggested definitions of KPI is provided below (refer Table 
2.11).  
Table 2.11: Key performance indicator definitions 
Author(s) KPI Definitions  
Hahn et al. (1999) Performance metrics are established that directly measure the improvement 
in cost, quality, yield, and capacity. 
Basu and Wright 
(2003) 
KPIs are measurements of a performance such as asset utilization, customer 
satisfaction, cycle time from order to delivery, inventory turnover, 
operations costs, productivity, and financial results.  
Antony (2006) KPIs can be termed as performance metrics of Six Sigma. 
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ASQ Glossary  KPI is a statistical measure of how well an organization is doing in a 
particular area. A KPI could measure a company’s financial performance or 
how it is holding up against customer requirements. 
KPIs show actual data of a particular outcome.  The outcomes of Six Sigma projects are 
usually required to be expressed in financial terms.  This leads to a direct measure of 
achievement which is easy to understand (Goh, 2002).  The majority of the KPI literature 
on Six Sigma in services talks about financial benefits.  Other KPIs include expressions 
in terms of customer satisfaction and efficiency.  Similar to CTQs, some KPIs are 
common across services.  Some of the common KPIs are discussed below. 
i. Efficiency 
Efficiency in a service industry means the timely delivery of services at a 
reasonable cost. 
ii. Cost reduction 
Cost can be reduced by eliminating waste, such as reducing errors or mistakes in a 
process or reducing the time taken to complete a task.  A concrete example is to 
reduce a patient’s stay at a hospital (Heuvel et al., 2005), which can provide 
opportunity for more admissions. 
iii. Time-to-deliver 
Like in manufacturing, the time to deliver a service determines organizational 
performance.  Examples may be the timely delivery of information or document as 
per customer requirement. 
iv. Quality of the service 
Quality of the service is a measure of the extent to which the service delivered, 
meets the customer’s expectations. This depends on two aspects; one is the 
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technical aspect and another is functional aspect. The technical aspect is the actual 
outcome of the service encounter. Functional aspect is the interaction between the 
service provider and customer i.e. the service process (Ghobadian et al., 1994). 
v. Customer satisfaction 
This factor is difficult to measure as it varies from service to service.  For example, 
for a call center service, customer satisfaction is measured by the receipt of timely 
information.  For a hospital, the comfort and assurance that patient feels may be the 
all important criterion (Sehwall and De Yong, 2003).  Overall customer satisfaction 
can also be indicated by the retention rate of one’s customer. 
vi. Employee satisfaction 
This is another intangible measure of organizational performance.  Employee 
retention rate can be an excellent indicator of employee satisfaction.  Financial 
benefits due to Six Sigma can provide employees with a means to visualize their 
contribution.  This may increase employee morale and satisfaction (Henderson and 
Evans, 2000). 
vii. Reduced variation 
Statistical process control and Six Sigma refer to the reduction of variation through 
improved standards and consistency.  In the case of services, variation reduction 
may be in terms of, for example, the cycle time of processing statements, or the 
decision cycle of a process (such as credit process in a bank) or the inaccuracy of a 
billing process and incorrect laboratory test results (such as in a hospital) (Sehwall 
and De Yong, 2003; Rucker, 2000). 
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viii. Financial benefits 
The impact of Six Sigma on the bottom line is huge (Henderson and Evans, 2000).  
In comparison to success and failure as a measure, financial bottom lines are a 
better indicator of the impact of improvements as well as a vivid calibration of 
progress (Goh, 2002).  
2.11 Six Sigma in Manufacturing and Service Organizations 
Although different terms may be used, scrap and rework exist in services just as they do 
in manufacturing. Inconsistent and out-of-specification processes cost money to rework.  
Such examples in services may include the need to re-contact a customer to verify an 
order, providing an incorrect service, providing a substandard service, or even over-
servicing or providing more than what is required. Some widely publicized success 
stories due to implementation in services include GE Medical Systems, Mount Carmel 
Health System, Virtua Health, GE Capital Corp, Bank of America, and Citibank.  Limited 
application can also be found in call centers, human resources such as DuPont de 
Nemours (Bott et al., 2000; Wyper and Harrison, 2000) and in product support services 
such as by Caterpillar (Schmidt and Aschkenase, 2004) . 
The literature analysis also revealed that applications are limited mostly to service 
organizations in North America and Europe.  Benefits-wise, these are mostly expressed in 
financial terms and not much is published about the benefits in process improvement 
terms. Table 2.12 provides a list of some of the organizations from different sectors 
which have implemented Six Sigma (Inozu et al., 2006; 
www.sixsig.info/research/link_directory.php). 
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Table 2.12: Application of Six Sigma in manufacturing and service organizations 
MANUFACTURING 







• Cincinnati Bell 
• Cummins Inc 
• Deloitte 
• DuPont Electronics 
• Ford 
• General Electric 
• Honeywell 
• IBM 
• Johnson Controls 
• LG Electronics 











• Allstate Financial 
• American Express 
• Bank of America 
• Bank of New York 
• Caterpillar Financial 
Services Corporation 
• Citibank 
• Deutsche Bank 
• Development Bank of 
Singapore 
• GE Insurance Solutions 
• HSBC 
• JP Morgan Chase 
• Maybank Berhad 
• Merrill Lynch 
• Standard Chartered 
• Vanguard 
• ZC Sterling 
 
FOOD AND BEVERAGE 
• Bama Foods 
• Calbee 
• Lopez Foods 
• Pepsico 
• Singapore Food Industries 
HEALTH CARE 
• Alexandra Hospital 
• Bausch and Lomb 
• Baxter Healthcare 
• Bay Medical Center 
• Boston Medical Center 
• GE Healthcare 
• Good Samaritan 
Hospital 
• Heritage Valley Health 
System 
• Mayo Clinic 
• Mount Carmel Health 
System 
• Nebraska Medical 
Center 
• Quest Diagnostics 
• Red Cross Hospital 
• United Healthcare 
• Valley Baptist Medical 
Center 
• Veritus Medical center 
• Virtua Health 
 
The literatures (Brady and Allen, 2006; Inozu et al., 2006; Mortimer, 2006; Antony et al., 
2005a; Dudman, 2005; Goel et al., 2005; Hensley and Dobie, 2005; Basu, 2004; 
McAdam and Evans, 2004; Schimdt and Aschkenase, 2004; Hill and Kearney, 2003; 
Sehwall and De Yong, 2003; Rucker, 2000; Hahn et al., 1999; Harry and Schroeder, 
1999; Paul, 1999) on Six Sigma application in manufacturing or services discuss mainly 
about CSFs, CTQs, KPIs and STTs. The following section provides an overview of these 
factors. Table 2.13 presents the similarities and differences of these between 
manufacturing and services on the basis of observations from the literatures.  
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Table 2.13: CSFs, CTQs, KPIs, and STTs (manufacturing versus service) 




           CSFs 
Top management commitment, 
education and training, cultural 
change, linking Six Sigma to 
customers, linking Six Sigma to 
business strategy, effective 
communication 
Top management commitment, 
cultural change, clear 
performance metrics, customer 
focus, education and training, 
attaching the success to financial 
benefits, organizational 














characteristics such as, strength; 
weight, defects, poor packaging, 
breakage, defects, inventory 
reduction, product travel distance,  
poor packaging, quantity of 
rework, time spent in rework 
Service time, waiting time, 
employee behaviour, responding 
to customer complaints, 
providing accurate and timely 
information to customers 
 
 
           KPIs 
Cost savings, customer 
satisfaction, reducing variation, 
employee satisfaction, increasing 
productivity, product quality 
improvement 
Efficiency, cost reduction, time to 
deliver, quality of the service, 





Similarities Histogram, Pareto analysis, cause and effect analysis, brainstorming, 
flowchart, project charter, process mapping, root cause analysis, control 
charts 
Differences FMEA, DOE, SPC, gauge repeatability and reproducibility, 
measurement system analysis, regression analysis, QFD  
 
The above table provides some important insights regarding Six Sigma implementation 
aspects in manufacturing and services. There are similar CSFs in manufacturing and 
services but their order of preference differs between two. This difference in order of 
preference can also be observed within the literature involving Six Sigma implementation 
in services. The paper by Antony (2004b) shows that linking Six Sigma to business 
strategy is the most important of success factors whereas some other literatures discuss 
that top management commitment is the most important one, followed by education and 
training (Johnson and Swisher, 2003; Henderson and Evans, 2000).  
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CTQs show similarities in terms of cycle time and cost. The concentration in 
manufacturing is more on product specifications/characteristics, inventory reduction, and 
reducing variation whereas services focus more on service time, waiting time, responding 
to customer, employee behaviour, etc. The reason for this difference can be because of 
more customer contact in services.  
KPIs for both manufacturing and services show much similarity and are not much 
discussed in literatures. The application of tools and techniques has similarities in usage 
of flowcharts, process map, histograms, Pareto analysis, etc. The use of statistical tools 
and techniques such as SPC and regression analysis is more prominent in manufacturing 
may be because of ease of data collection and continuity of the process. The tools and 
techniques such as gauge repeatability and reproducibility is commonly used in 
manufacturing but not so in services, the reason is non-repeatable nature of service 
processes (Does et al., 2002).  
2.12 Literature Review Summary 
As the nature of research on Six Sigma is difficult to confine to specific disciplines, the 
relevant material is scattered across various publications. The search resulted in 
identification of articles published between 1995 and 2007. Although this review cannot 
be claimed to be exhaustive, it does provide reasonable insight into the state-of-the-art. It 
is felt that the results presented in this chapter have several important implications.  
First, although the industry has an increased interest in Six Sigma implementation and 
many companies have gained the profits and advantages from this disciplined approach, 
the literature is limited and the research impacts of Six Sigma implementation and factors 
contributing to its success remain unclear. Many articles on the impact analysis of 
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operations performance do not mention the detailed improvements in the operating areas, 
but focus on the overall bottom line impact. Therefore, it is necessary to do a deeper and 
more detailed study in this area. 
Second, only a few articles were found that dealt with factors in the area of success factor 
analysis to Six Sigma implementation. Existing studies are not well integrated and 
current concepts in the field of Six Sigma are largely based on case studies, anecdotal 
evidences and are prescriptive in nature. Consequently there is little consensus on which 
factors are critical to the success of the approach (Nonthaleerak and Hendry, 2008; 
Brady, 2005). Most of the articles concentrated on few success factors and reported that 
top management commitment is the main factor to Six Sigma success (Goh, 2002; 
Henderson and Evans, 2000). However, many other factors affecting Six Sigma’s success 
are important and need to be better documented. 
To fill this gap, Antony and Baneulas (2002) identified 10 typical CSFs from their review 
of literature. Several others also provided sets of CSFs which have similarities or 
differences among them. It could be argued that this list of CSFs is comprehensive and 
that many of the issues are in common with those found for any implementation process, 
and are thus not specific to Six Sigma. However, all of the papers that identify these 
issues are descriptive in nature and there is a need to verify them through rigorous 
empirical research. 
Finally, some authors have called for theoretic research (Nonthaleerak and Hendry, 2008; 
Schroeder et al., 2008; Oke, 2007; Brady and Allen, 2006), as too much research is 
focused only on description of practice rather than on theory development that is of use to 
practitioners as well as academics.  
Chapter 2                                                                          Literature Review 
48 
 
2.13 Total Quality Management (TQM) 
Total Quality Management (TQM) approach is both a practical working process and a 
quality philosophy for the organizations committed to growth and survival (Kanji, 1990). 
It starts with the vision that a concentrated management action can improve the quality of 
services and products of the organization, at a very competitive cost satisfying customer’s 
need and increasing the market share. 
2.13.1 TQM Adoption  
TQM as a management system can be implemented in an organization and its level of 
adoption can be judged as suggested by Lascelles and Dale (1991). According to them 
there are six different level of TQM adoption, they are, uncommitted, drifters, tool-













Figure 2.10: Levels of TQM adoption (Lascelles and Dale, 1991) 
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These levels are not necessarily the stages through which organizations pass in their 
TQM journey rather they are characteristics and behaviours which organizations display 
in relation to TQM (Dale, 1999). Lascelles and Dale (1991) described the levels with an 
intention to support organizations in identifying their weaknesses and addressing them as 
a part of the challenge of continuous improvement throughout the organization. 
2.13.2 Identification of TQM Dimensions 
One major objective of research in the area of quality management, more specifically for 
survey-based research has been the development of scales to measure the key dimensions 
of quality management. Saraph et al. (1989) in their work provided a model and measures 
for assessing managers’ perceptions of quality management practices at the 
organizational level. They focused on the following factors: the role of top management 
leadership, the role of quality department, training, product/service design, supplier 
quality management, process management, quality data and reporting, and employee 
relations. 
Flynn et al. (1994) worked on this line of research and developed a scale for use at plant 
level. The seven core dimensions they focused are: top management support, quality 
information, process management, product design, work force management, supplier 
involvement and customer involvement. Yavas (1995) focused on the department level 
about factors that contribute to product quality in the firm. Factors that emerged from his 
work included, among others, communication, internal and external customer 
expectations, and employee commitment to quality. 
Sila and Ebrahimpour (2002) in their extensive work related to survey-based quality 
management research used a framework of the 25 most commonly extracted TQM factors 
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from 76 studies in order to categorize all 347 articles included in their review. The 
particularly salient studies on which these 25 factors were based include Rao, Solis and 
Raghunathan (1999); Quazi et al. (1998); Ahire et al. (1996); Black and Porter (1996); 
Badri, Davis and Davis (1995) and Tamini (1995). The factors receiving the highest 
coverage in the articles surveyed were issues related to customer focus and satisfaction, 
employee training, leadership and top management commitment, teamwork, employee 
involvement, continuous improvement and innovation, and quality information and 
performance measurement (Sila and Ebrahimpour, 2002, pp 923).     
The concept of quality, initially was associated with product, i.e. the quality meant 
product quality. As the product is produced through various processes, and in this way 
value is added to it. This value becomes the criteria of judging the product by the 
customer. In case of service this assessment of final product is difficult by the customer 
and also difficult for the producer to explain. Harvey (1998) in the article about quality of 
service, defined services as a result that customer’s want. Services are generally obtained 
engaging in an interactive process with the provider. The article discussed four related 
aspects of service quality: quality of process and results, search and experiential quality, 
perceptions and expectations.  
Quality in service industries can be achieved through proper procedures. The initiatives 
like ISO 9001, TQM and Six Sigma can be applied to services. Prajogo (2005), in this 
paper did a comparative analysis between manufacturing and services regarding TQM 
implementation. The author feels that the inherent differences between service and 
manufacturing causes some problems in implementing TQM in service industries. The 
differences such as difficulty in defining customer needs and expectations, different 
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operation systems, whereby the consumption and delivery processes take place 
simultaneously.  
Woon (2000) also compared the TQM implementation in manufacturing and service 
industries in Singapore. While comparing the paper, first, it focuses on the productivity 
leaders that form the vanguard of organizations underpinning the country’s 
competitiveness. Second, it is based on a national-scale program aimed at promoting a 
common TQM framework to organizations. The major findings are 
• A significant difference in the TQM implementation levels co-varied by 
organization size, ownership and ISO 9000 status. 
• At the overall level, the service organizations had significantly lower scores than 
the manufacturing-oriented service organizations and the manufacturing 
organizations. 
These findings underline the point that attention should be given to the influence of 
industry type on the TQM implementation level in organizations despite their adoption of 
a common national TQM framework. The soft aspects of TQM which emphasize 
attitudes and behaviors, such as leadership, customer focus, empowerment, involvement 
and cultural elements of TQM, have encouraged its application in the service industry. 
2.13.3Obstacles to TQM  
Several researchers have focused more directly on the obstacles that hinder the ability of 
the organizations to make a successful transformation to TQM. Glover (1993) argues that 
TQM failures follow one of three patterns: conceptual weakness, design flaws or 
ineffective implementation. Glover (1993) explains conceptual weakness as failures 
occurring because organizations make only superficial attempts at change. Design flaw 
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occurs when TQM systems are not designed to fit the cultural circumstances of the 
organization. And the most common reason for failure is ineffective implementation – 
results when “TQM becomes so much extra work instead of a new way of doing things” 
(pp 50).  
Mann and Kehoe (1995) interviewed the managing directors at 21 leading TQM 
organizations about organizational characteristics affecting the success of TQM. Of the 
seven quality-critical organizational characteristics (QCOCs) considered they found that 
management style and shared values are the two QCOCs having the most impact on the 
successful implementation of TQM; process factors were reported to have least effect. 
Kanji (1996) identified management’s failure to lead as the primary obstacle to successful 
TQM. Based on several case studies, the article compiled a list of 12 poor management 
practices that contribute to failed TQM initiatives. These include a management style that 
inhibits a learning culture, is based on fear or intimidation, and creates barriers between 
departments. Matta et al. (1996), in their study of Malcolm Baldrige National Quality 
Award (MBNQA) winners, found that difficulties in implementing TQM are rooted in 
three causes: the holistic change of corporate culture, achieving and maintaining 
employee buy-in and acceptance of TQM and integration with suppliers and customers. 
However, the only factor that 100 percent of the MBNQA winners considered critical to 
the success of TQM was top management’s commitment and involvement. 
Thus success of TQM depends mainly on management’s ability to lead the organization’s 
quality transformation. In addressing why transformation efforts fail, Kotter (1995) 
identified eight common management errors. They are:  
i. Not establishing a sense of urgency 
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ii. Not creating a powerful enough guiding coalition 
iii. Lacking a vision 
iv. Not communicating the vision 
v. Not empowering others to act on the vision 
vi. Not planning for short-term wins 
vii. Not consolidating improvements and producing more change 
viii. Not institutionalizing new approaches 
Form this review of literature; it is apparent that many of the obstacles found to hinder 
TQM efforts. These include poor communication, lack of employee empowerment, 
inadequate resources, employee resistance to change, inadequate performance evaluation 
and reward systems, etc. The obstacles are linked to how effectively the quality 
transformation is managed. Finally, it is management’s responsibility to plan for, lead, 
and effect the organizational change required for TQM success. 
2.14 Conclusion 
The service industries in order to enhance quality are looking for both TQM and Six 
Sigma. Some service industries are looking for TQM while others are for Six Sigma. 
Both TQM and Six Sigma concepts came from manufacturing and there implementation 
in services is still at very early stage. These two approaches have similarities and 
differences which service organizations have to be careful about.  
The TQM literature revealed some of the important factors towards its implementation 
and also the obstacles organizations face. Management commitment and involvement 
emerged as one of the most important factors to overcome the various obstacles faced 
during TQM implementation. The focus of research in TQM is mainly on overall 
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organization while a few focused the implementation at department level. The focus of 
this research work is about Six Sigma implementation in service organizations at project 
level. The review of the literature revealed that compared to manufacturing, Six Sigma is 
relatively new in services. The publication of articles related to services started around 
1999 and is still dominated by authors having industry affiliation. The published articles 
so far are mainly from Six Sigma implementation in healthcare (Heuvel et al., 2005; 
Woodard, 2005; Young et al., 2004; Benedetto, 2003), followed by finance (Krupar, 
2003; Rucker, 2000) and others.  This shows the limited Six Sigma implementation in 
services.  
There are more published case studies in manufacturing than in services for the period of 
this review. The case studies are mostly descriptive in nature and lack academic rigor 
which is important for theory development. Further there is conflicting evidence 
regarding the applicability of Six Sigma in services. Does et al. (2002) found that Six 
Sigma can be applicable to services with minor adaptations whereas McAdam and 
Lafferty (2004) reported low success of Six Sigma in services. Therefore, it is necessary 
to investigate further this issue (Nonthaleerak and Hendry, 2008).  
In the database around 8% of the total articles found which discuss about success factors 
but most of them do not attempt to determine a comprehensive set of CSFs for services. 
Antony (2006) and Antony et al. (2007) provides a list of 13 CSFs specific to services 
based on review of literature and a pilot survey.  
Similar to CSFs, discussion on tools and techniques used in Six Sigma projects is 
descriptive in nature. There is also no conclusion on the differences in their application 
between manufacturing and services. In addition there is a need to determine specific 
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issues in context. For example if certain CSF or tool and technique is important then it is 
necessary to question the nature and frequency of this involvement through in-depth case 
study research (Nonthaleerak and Hendry, 2008). 
The success of Six Sigma in services depends on the outcome but there is little theory to 
explain the differences between successful and unsuccessful efforts (Brady, 2005). It is 
required to develop a framework which will attempt to build a theory of how and why Six 
Sigma works in services.  
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CHAPTER 3 DEVELOPMENT OF FRAMEWORK 
3.1 Introduction 
There is scarcity of conceptual frameworks related to Six Sigma implementation in 
literature. This is more apparent in case of Six Sigma implementation in service 
organizations, where there is total absence of any framework. The possible reason being 
less theory development research in this area. The main purpose of this research is to 
overcome this gap and develop a conceptual framework facilitating Six Sigma 
implementation in different types of service organizations. 
Based on our literature review an initial framework is developed and is discussed in this 
chapter. 
3.2 Six Sigma Implementation Framework 
Before going on to the discussion of the proposed framework, the two terms 
implementation and framework are first explained with reference to our research.  
3.2.1 Implementation  
The common standard dictionary definition of the term implementation is to put into 
effect according to some definite plan or procedure. According to Pressman and 
Wildavsky (1973), implementation means, to carry out, accomplish, fulfill, produce and 
complete. Wheelen and Hunger (1992) refers implementation as a process by which 
strategies and policies are put into action. The implementation process must have a 
starting point. If no action is started, implementation cannot take place. There must also 
be an endpoint. Implementation cannot succeed or fail without goal against which to 
judge it (Pressman and Wildavsky, 1973). 
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“Implementation does not refer to creating the initial conditions. Legislation 
has to be passed and funds committed before implementation takes place to 
secure the predicted outcome. You cannot finish what you have not started. 
Lack of implementation should not refer to failure to get going but failure to 
follow through” (Pressman and Wildavsky, 1973, pp 15)  
The above descriptions discuss implementation as a set of activities or a process. When 
considering Six Sigma implementation, a definition that implies that implementation is a 
process seems most suitable. This is due to the fact that the subject of Six Sigma 
according to the focus of this research is studied at project level which involves a well 
established methodology (DMAIC), and consequently is a process of activities needed. 
3.2.2 Framework  
Reviewing TQM literature it is observed that many researchers have used the term TQM 
implementation without actually defining it. There also seems to be no mention as to whether or 
not a TQM model is equivalent to a TQM implementation framework. According to Yusof and 
Aspinwall (2000), a model answers the question of ‘what is TQM’, with the overall concept or 
elements put down together, whereas a framework answers ‘how to’ questions and provides and 
overall way forward.  
A framework is also a set of basic assumptions or fundamental principles of intellectual origin in 
which discussions and actions can proceed (Popper, 1994). If Six Sigma is to be theoretically 
designed and constructed, then there is a need to have the overall picture and structure for 
implementing, which is referred to as a framework, for carrying out those relevant and important 
activities. Struebing and Klauss (1997) argued that a sound implementation plan, should define 
what organization does, what it is trying to do and how it is going to do it, ensuring that each step 
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builds on the previous one. This means translating Six Sigma theory into practice through some 
systematic means. Some of the reasons why a framework is needed are (Aalbregtse et al., 1991): 
• To illustrate an overview of quality practice so as to communicate a new vision of the 
organization 
• It forces management to address a substantial list of key issues which otherwise might not 
be addressed 
• It gives an insight into the organization’s strengths and weaknesses 
• Most importantly to support implementation and to improve the chances that a quality 
practice will be successful 
In short, developing a sound implementation framework is crucial and should be one of the first 
thing to be done before embarking on Six Sigma projects. The framework will make the 
organization more aware of Six Sigma itself, and be able to introduce its elements and features in 
a more comprehensive, controlled and timely manner. 
3.2.3 Proposed Framework 
The major focus of this research is to develop a framework based on the aspects of Six 
Sigma implementation and its performance in service organizations. This will help to 
overcome the existing gap of theory development and also facilitate wider applicability of 
Six Sigma in service organizations. The little theory in this area prompted us to look for 
frameworks in other areas of quality management or Six Sigma implementation in 
manufacturing. There are several frameworks available related to TQM, most of them are 
assessment frameworks such as the one discussed by Senapati (2004). There is limited 
framework development on Six Sigma implementation in manufacturing. The literature 
search revealed one framework based on business process change theory by Antony et al. 
(2004b). Our framework (refer Figure 3.1) is guided by both business process change 
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theory and assessment criteria but the focus is more on implementation process, i.e. 
critical-to-quality characteristics and set of tools and techniques along with critical 
success factors and key performance indicators. 
Business process change management is defined as “a strategy-driven organizational 
initiative to improve and (re)design business processes to achieve competitive advantage 
in performance (e.g. quality, responsiveness, cost, flexibility, satisfaction, shareholder 
value, and other critical process measures) through changes in the relationships between 
management, organizational structure and people” (Kettinger and Grover, 1995, pp 12).  
In relation to Six Sigma it means the evolution towards a broader, yet more 
comprehensive process improvement concept.  
Awards-based frameworks are most suitable for self-assessment as well as to gain 
recognition of an organization’s effort toward applying for an award. Awards-based 
frameworks are but one of the tools within the spectrum of quality initiatives to be 
employed when an organization has reached a mature level of Six Sigma implementation 
(Yusof and Aspinwall, 2000). Given the nascent stage of Six Sigma implementation in 
service organizations, our framework is more academic-based. Academic-based 
frameworks are those developed by academics and researchers mainly through their own 





















Figure 3.1: The framework for implementing Six Sigma in service organizations 
3.2.3.1 Critical Success Factors (CSFs) 
Our literature review highlighted several CSFs mentioned in different research articles. 
Brady and Allen (2006) provided a list of 14 common CSFs from their literature review. 
There are several studies which identify different types of CSFs by proposing new 
success factors in particular areas such as in public works, finance function, and R&D 
and product development areas (Hendry and Nonthaleerak, 2005).  
With the exception of Antony (2004b), who uses a pilot survey and more recently 
Nonthaleerak and Hendry (2008), who use multiple case study approach, all other papers 
on CSFs are descriptive in nature. Further, the CSFs discussed more of Six Sigma 
implementation in general, except by Antony (2004b), who highlights CSFs based on a 
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pilot survey in the UK service organizations. The small-scale survey we conducted for 
our research was partially based on the questionnaire used in the UK survey.  
Considering the variety of CSFs suggested by different authors, it could be argued the 
research into identification of CSFs is sufficient but there is a need to carry out more 
empirical research to verify the factors found in a variety of specific settings such as in 
non-manufacturing areas (Hendry and Nonthaleerak, 2005). There is also scope for 
further investigation on the issue of the importance of the factors, following on from the 
study by Antony and Banuelas (2002) in service settings. 
In the proposed framework we will focus on identifying the CSFs for Six Sigma 
implementation in service organizations and also their importance. The CSFs are 
mentioned under the topic initiator in the framework. Since, we have seen from the 
literature that CSFs such as top management commitment, organizational readiness, etc. 
are required for initiation of a program of magnitude of Six Sigma.  
3.2.3.2 Critical-to-Quality (CTQ) Characteristics   
CTQs are defined in literature as process or a product indicator whose performance 
standard or specification limits is to be met for customer satisfaction. In case of literature 
on Six Sigma, CTQs are sometimes mentioned as key process variables (input or output), 
i.e. KPIV or KPOV. There is also limited focus on CTQs related to service organizations. 
Through our research we want to explore CTQs across different service organizations and 
also to understand the difficulties faced by service organizations in identifying process 
parameters as mentioned in various literatures, for e.g., see Hensley and Dobie, 2005; 
Antony, 2004b; Benedetto, 2003.    
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In Six Sigma methodology, identification of CTQs, defining CTQ, and developing a 
measure for it is an important step. As CTQs are measurable process variables, so in our 
framework we placed it under the process section.  
3.2.3.3 Key Performance Indicators (KPIs) 
KPIs are not well defined in the literature. It is mostly referred to as key process input 
rather than key performance indicator. In case of Six Sigma financial benefit is mostly 
mentioned as KPI, since it is an easier metrics to follow (Goh, 2002). In the proposed 
framework we have included it under performance indicators though further 
investigation will be required to justify its inclusion.  
3.2.3.4 Set of Tools and Techniques (STTs)  
Six Sigma provides a framework to systematically use different tools and techniques. 
There is enough literature about various tools and techniques, which are used in different 
phases of DMAIC (define, measure, analyze, improve, control) methodology. In case of 
methodologies of Design for Six Sigma (DFSS) though, the tools and techniques used are 
different from those used in methodology related to Six Sigma. The literature also 
highlights the difference in tools and techniques usage for Six Sigma implementation in 
manufacturing and services. There is more use of soft tools such as process maps and 
flowcharts in services in comparison to hard tools and techniques such as measurement 
systems analysis and DOE (Antony, 2004b).  
Our research aims to identify the tools and techniques specific to service organizations 
and their selection criteria (RQ3), so as to facilitate belts in their appropriate applications 
during Six Sigma projects. This should help in reducing the apprehensions surrounded 
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with tools and techniques application in Six Sigma projects in non-manufacturing 
contexts (Nonthaleerak and Hendry, 2008)    
In our proposed framework we included both DFSS and Six Sigma under process and the 
focus is on tools and techniques application in the projects involving respective 
methodologies.           
3.3 Conclusion 
The proposed framework is a tentative development based on literature review and 
preliminary case studies. The focus of the study is to identify and understand the impact 
of CSFs, CTQs, STTs, and KPIs on Six Sigma implementation in different service 
organizations. There is also focus on to understand the difficulties faced during Six 
Sigma implementation in service organizations. The difficulties mentioned in the 
literature are mainly descriptive in nature understanding them in a natural setting will 
help in building-up a framework useful for practitioners.  
We are going to use grounded theory methodology as it uses abstract concepts to describe 
and analyze a series of general phenomena but based on practical experience. It is the 
intrinsic link to practical experience that makes the method attractive to theory forming 
within the practice of Six Sigma. The next chapter discuss about the research 
methodology and the justification of using grounded theory methodology.   
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CHAPTER 4 RESEARCH METHODOLOGY 
4.1 Introduction 
Management research is mainly based on deductive theory testing and positivistic 
research methodologies (Alvesson and Willmott, 1996). These methodologies incorporate 
a more scientific approach with the formulation of theories and the use of large data 
samples to observe their validity. However, these approaches mostly fail to give deep 
insights and rich data in Six Sigma practice within service organizations. Schroeder et al. 
(2007) state the need for more theory grounded and contingency based research rather 
than be restrictive to deductive approaches. Antony et al. (2007) and Nonthaleerak and 
Hendry (2008) emphasize this point by saying there is a paucity of systematic and rigorous 
evaluation in many Six Sigma studies. 
Grounded theory research was chosen given the need to gather in-depth, rich data on the 
phenomenon of Six Sigma implementation in services. Exploratory research is 
appropriate here as very little is known in the academic literature about the Six Sigma 
phenomenon. In this chapter, we first explain the research methodology. Then we 
describe the three phase approach for this study. First phase involved literature review 
and exploratory case studies. A small-scale questionnaire survey and 15 case studies were 
done in the second phase. The third phase included a large-scale questionnaire survey and 
further case studies. Questionnaire structure and design for each phase is also discussed. 
Then details about the measures are provided. Finally, we explain how we test the sample 
bias, which population is targeted, and how to proceed for the data collection.   
Figure 4.1 is a graphical representation of the research process, identifying the process 
steps with relevant inputs and their respective outputs. 
Chapter 4                                                                                             Research Methodology 
65 
 
4.2 Research Methodology 
4.2.1 Grounded Theory 
Grounded theory developed by Glaser and Strauss (1967) is an inductive research 
methodology. According to Strauss and Corbin (1990), grounded theory is “theory that 
was derived from data, systematically gathered and analyzed, through the research 
process. In this method, data collection, analysis, and eventual theory stand in close 
relationship to one another”. (pp 12) 
The methodology is built upon two key concepts. One is constant comparison, in which 
data are collected and analyzed simultaneously. Second is theoretical sampling, in which 
decisions about which data to be collected next are determined by the theory that is 
developed (Suddaby, 2006; Glaser and Strauss, 1967). As shown in Figure 4.2, the 
researcher starts with some initial constructs, inquires into organizational practice, and 
gradually builds the theory (Leonard and McAdam, 2001).   
Grounded theory places considerable value on practical experiences in describing and 
analyzing a series of general phenomena. Gaining detailed knowledge of the phenomena 
by linking it through practical experiences makes this method attractive for theory 
building within the practice of Six Sigma (Laws and McLeod, 2004; Leonard and 









Figure 4.1: Graphical representation of the research process 
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Figure 4.2: Modified grounded theory research methodology (adapted from Leonard and 
McAdam, 2001) 
4.2.2 Key Elements of Grounded Theory 
4.2.2.1 Theory building 
There is a need to develop theory related to Six Sigma implementation in service 
organization. There is so far lack of academic rigor in the studies related to this field 
(Nonthaleerak and Hendry, 2008).   
The grounded theory approach to Six Sigma theory building has potential for its 
development about implementation in service organizations. This methodology does not 
exclude practitioner insights and data, rather multiple sources of data are utilized for 
building up the theory. Thus, theory building by grounded theory capitalizes on the rich 
practitioner-based knowledge base of Six Sigma implementation. Sources of data can 
include Six Sigma project team meetings, interviews with Six Sigma champions, black 
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Strauss and Corbin (1990) describe how such data can be collected and interpretation of 
data can be guided by the existing literature and theory. This is a highly recursive 
process, the end result is a theory that emerges from the data. Thus, an opportunity exists 
through grounded theory research to realize the potential of rich practitioner data and 
enable it for Six Sigma implementation theories to be developed. In turn this developed 
theory can lead to more informed service organizations about Six Sigma implementation. 
Grounded theory methodology can include both quantitative and qualitative data. These 
two forms of data are not to test each other but to supplement by mutual verification. 
Most importantly, different forms of data on the same subject when compared help in 
generating theory (Glaser and Strauss, 1967). 
4.2.2.2 Multiple Case Studies  
Grounded theory methodology proposed by Glaser and Strauss (1967) relies on 
continuous comparison of data and theory beginning with data collection. It emphasizes 
both the emergence of theoretical categories solely from evidence and an incremental 
approach to case selection and data gathering. Yin (1994) describes three types of case 
study; exploratory, explanatory, and descriptive. The exploratory stage comes before the 
theory building stage and seeks to uncover areas for research and theory development 
(Voss et al., 2002). The advantages of the case study approach at this stage of research 
help in achieving the exploratory depth of understanding (Nonthaleerak and Hendry, 
2008; Meredith, 1998).  
A multiple case study approach is required to overcome the drawbacks of previous 
literature which concentrated mainly on single organizations. Multiple case study 
approach allows a more direct comparison between the similarities and differences of the 
Chapter 4                                                                                             Research Methodology 
69 
 
implementation practices in the different contexts considered (Silverman, 2000). The 
theory is better grounded, more accurate, and more generalizable when it is based on 
multiple case experiments. Multiple cases also create more robust theory because the 
propositions are more deeply grounded in varied empirical evidence. Constructs and 
relationships are more precisely delineated because it is easier to determine accurate 
definitions and appropriate levels of construct abstraction from multiple cases (Eisenhardt 
and Graebner, 2007; Meredith, 1998; Yin, 1994). 
4.2.2.3 Practitioner involvement 
The research on Six Sigma till now is strictly separated between the academics and 
practitioners. This can be useful in maintaining objectivity, but it is not possible when 
various factors such as socio-political issues are involved in Six Sigma implementation 
(Leonard and McAdam, 2001). The grounded theory methodology rather than excluding 
these factors incorporates them to increase the richness of the data and understanding of 
the phenomenon involved (Strauss and Corbin, 1990). Thus, as shown in Figure 4.2, 
multiple case studies can be incorporated within grounded theory, where researcher can 
participate in Six Sigma projects to gain greater insights into the issues. In the field of 
management this can be termed as “mode 2 knowledge, created in a context of 
application”. Here the whole system depends on the interplay between academics and 
practitioners (Partington, 2000, pp 91).  
However, in case of Six Sigma, academic literature still lacks research using grounded 
theory methodology. In recent times, only one by Schroder et al. (2007) has utilized the 
grounded theory methodology for Six Sigma research. It is also observed that most of the 
grounded theory research still fails to properly account for practitioner reflectivity and 
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reflexivity. Whereas, grounded theory methodology emphasizes the need for the 
researcher to be critically reflective in theory building while attempting to make sense of 
the literature (Leonard and McAdam, 2001).  
There is concern among researchers about the subjectivity of the findings because of 
practitioner involvement (Leonard and McAdam, 2001; Wilkinson and Wilmott, 1994). 
Yin (1994) provides several methods to counter this subjectivity; which are involving a 
wide range of people from the organization, using a range of research techniques, and 
using multiple researchers. In our research we followed some of the suggested methods 
such as using different research techniques and involving people from different ranges in 
the organization to balance subjectivity. 
Practitioner involvement is an important aspect in Six Sigma research. Sharing of insights 
between researchers and practitioners provides an increased opportunity for creativity, 
while questioning the traditional norms and assumptions (Carson and Coviello, 1996; 
Strauss and Corbin, 1990). This will result not only in rigorous grounded theory about 
Six Sigma in service organizations, but also improved applicability of Six Sigma in 
organizations, because of increased reflectivity and reflexivity among practitioners. So, 
Six Sigma based grounded theory research methods should encourage and develop 
practitioner involvement and reflection and reflexivity to enhance both theory and 
practice (Leonard and McAdam, 2001). 
A final aspect about practitioner involvement is knowledge about Six Sigma. The 
knowledge and experience about the topic area (in this case Six Sigma), is a must for 
people involved in grounded theory research (Carson and Coviello, 1996). The 
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competencies of knowledge and experience are also implicitly mentioned in Glaser and 
Strauss’s (1967) original research. 
4.2.2.4 Triangulation 
The study on Six Sigma implementation in service organizations should be based on 
reliable data. Triangulation helps in ensuring data reliability. Triangulation requires the 
use of multiple sources of data, multiple investigators or multiple methods to confirm the 
emerging findings. Reliability of data also increases if multiple sources of data on the 
same phenomenon is used (Laws and McLeod, 2004; Voss et al., 2002). In case of 
grounded theory data can come from various sources (Corbin and Strauss, 1990). Typical 
data sources include interviews, observation, archived materials, documentations, etc. 
Overall, practitioner-based data sources and inputs are required to ensure triangulation 
and theory building and testing within the research methodology (Strauss and Corbin, 
1990). 
4.3 Three-Phase Approach 
This type of study involves some issues which are required to be addressed. One is the 
need for breadth and depth in data and enough data from a large sample for analysis. The 
three-phase approach considered in this study will ensure that valid and reliable 
interpretation being made while generating theories and in developing the framework. 
Next is to have rich and detailed enough data to go beyond the limited depth of 
explanation of the theories that occur in large-scale research. Practitioner’s involvement 
is important to overcome this issue. Relationships, attitudes, and meaningful insights 
have to be obtained from the practitioners’ views to build a discussion around them. This 
will help to establish without misinterpretation the relationships and propagating Six 
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Sigma in service organizations. Finally, the practitioner has to be challenged so that the 
critically reflexive learning can be applied for Six Sigma implementation to wider range 
of service organizations.     
 In order to overcome these issues an empirical study is developed with three-phase 
approach. This approach utilizes the integrative approach (Carson and Coviello, 1996), 
which use a combination of different techniques at each phase as shown in Figure 4.3. 
This integrative phase by phase process of data collection helps in developing an 
understanding of the phenomena over time, by allowing each phase of the research to 
build on learning from previous phase(s) (Gilmore and Carson, 1996).      
4.3.1 Phase I – Macro Study 
This phase focused on providing the necessary breadth to produce an understanding of 
the implementation of Six Sigma in service organizations and from which reliable 
patterns and theories can be formed. Next phase of this research focused on the issues 
uncovered by the first. 
The phase is termed as macro study (Leonard and McAdam, 2001), and it provides an 
overview not only of Six Sigma implementation in services, but also a database of critical 
success factors (CSFs), critical-to-quality (CTQ) characteristics, key performance 
indicators (KPIs), and set of tools and techniques (STTs).  
The study included two services one is library and the other one is a call center. During 
this phase, interviews were conducted with a black belt, who was considered by the 
organization as most knowledgeable and responsible for Six Sigma implementation. The 
study concentrated on the implementation aspect of Six Sigma which involves CSFs, 
CTQs, KPIs, STTs, and also the difficulties faced. The BB provided an essential insight 
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and understanding of Six Sigma implementation in service organizations. The other 
methods of data collection in this phase involved documentation and archival records.  
Once the macro study is completed and insights are developed, preparation for next phase 
was done to focus on additional relevant questions that had arisen in phase one. This next 
phase involved a small-scale questionnaire survey and simultaneous case studies. The 
study included multiple respondents which overcame the problem of using single 
respondent in phase one. It also provided a degree of validation.     
4.3.2 Phase II – Small-Scale Questionnaire Survey and Case Studies 
4.3.2.1 Small-scale questionnaire survey 
At this phase a questionnaire survey of Singapore service organizations was conducted to 
understand the status of Six Sigma implementation. The survey was exploratory in nature 
as the objective was to gain insights about Six Sigma in service organizations. This kind 
of survey helps to uncover or provide preliminary evidence of association among 
concepts. Further, it can help to explore the valid boundary of a theory (Forza, 2002).  
4.3.2.1.1 Structure of the questionnaire 
There are five parts in the questionnaire (refer to Appendix C). The first part of the 
questionnaire is intended to get some general information of the respondent company, 
which includes the type of service organization, the size of the company, the type of 
company (local, multinational, or joint venture), whether they have quality department, 
there is a proper quality system in place, any business process improvement initiatives 
they are doing, and finally whether they have implemented Six Sigma. It is also designed 
as a filter to segregate the data based on service organizations which have or have not 
implemented Six Sigma. 
 




Figure 4.3:  Three-phase approach (adapted from Leonard and McAdam, 2001; 
Gilmore and Carson, 1996) 
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The second part of the questionnaire attempts to identify the CSFs which are important 
while implementing Six Sigma in organization. The third part consists of two questions. First 
question is directed at identifying CTQs that are to be improved through Six Sigma 
implementation. Second question explores the tools and techniques used in Six Sigma DMAIC 
methodology and also in DFSS. The fourth part is focused on finding about KPIs while in the 
fifth part the objective is to identify the difficulties faced by service organizations in Six Sigma 
implementation. The fifth part is for those service organizations which have not implemented Six 
Sigma. There is one question in this part to explore about the reasons behind not implementing 
Six Sigma. The last part is designed to obtain background information on respondents including 
their name, job title, company, mailing address, phone/fax number, and e-mail. In order to share 
our findings with the respondents who are interested, we also left a space for them to tick whether 
they want to have the summary of our survey results. 
Besides the six parts above, a cover letter with university letterhead explaining the aims and 
benefits of the research was designed.  
4.3.2.1.2 Questionnaire design 
The response format of the questionnaire is a major design consideration since this will 
alter the type and wording of the questions as well as focus on the type of analysis that 
the researcher wants to perform (Antony et al., 2007; Fowler, 2002; Kidder, 1986). For 
our research close-ended question format was considered since the data would be in a 
quantifiable form ensuring that statistical analysis can be used. Moreover, it is fast and 
easy to complete, enables automated data entry, and facilitates data analysis and summary 
of data (Antony et al., 2007; Fowler, 2002). The rating scale (Likert scale) and ranking 
used within this format is to obtain the answers from the respondents. The questionnaire 
focused on CSFs, CTQs, STTs, and KPIs as observed from the literature. CSFs, STTs, 
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and KPIs are measured by a 5-point Likert-type scale (CSFs and KPIs: 1 = not important, 
5 = very important; STTs: 1 = never, 5 = frequently). The Likert scale used provide a 
more precise measure than yes/no or true/false items and it is fast and easy to complete 
(Neuman, 2006). The rating scale used for few questions allows the respondents to 
indicate the relative importance of choices that facilitates the researchers in identifying 
the critical issues or factors (Antony et al., 2007). 
Further, in the question content we intended to assure the respondents will be willing to 
answer honestly. To achieve this, personal information was not required across all the 
questions. The respondent profile which needed personal information was optional.    
4.3.2.2 Case studies 
The case studies in this phase focused on the critical issues that emerged from phase one. 
The case study was chosen as the research method primarily due to the nature of the 
research questions. Yin (1994) recommends this method as the most appropriate when 
contextual conditions are believed to be highly pertinent to the phenomenon of study. The 
case study method is also recommended when research questions embodies an 
explanatory component, such as in this study (how CSFs impact Six Sigma 
implementation in services?) (Yin, 1994).  
4.3.2.2.1 Sample selection 
We opted for an intricate sample design (Harrigan, 1983). This is a design where the 
sample is selected to coincide with sites that possess observable traits that are key factors 
in the propositions to be examined (Sousa and Voss, 2001).  
The process for selecting individual service organizations was based on publicly 
available information and the respondents of small-scale questionnaire survey. From 
publicly available information, an initial list of 20 service organizations was compiled 
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that were likely to comply with our research objective. 8 organizations which declined to 
participate in small-scale survey were removed from the initial list of 20, as they clearly 
mentioned about not revealing any data. We then started by contacting remaining 12 
firms for participation in case study. At the end there were 3 firms which agreed to 
participate in the study. These 3 organizations were included for case study in next phase.  
For second phase case studies we searched in public domain about the information 
available related to 17 organizations which were not interested for direct participation in 
the case study. We found Six Sigma implementation information related to 15 service 
organizations through different sources available. Finally second phase comprised 15 
organizations which have completed around 29 projects between them for a period of 5 
years, i.e. from 2003 to 2007. Table 4.1 provides the details about these organizations and 
the number of projects completed by them. 
Table 4.1:  Service organizations and number of projects 
Organization Service No. of Projects 
SERV1 Finance 01 
SERV2 Finance 02 
SERV3 Healthcare 07 
SERV4 Healthcare 03 
SERV5 IT Service 01 
SERV6 Public 01 
SERV7 Public 03 
SERV8 Public 02 
SERV9 Public 02 
SERV10 Public 01 
SERV11 Transport 02 
SERV12 Transport 02 
SERV13 Utility 01 
SERV14 Utility 01 
SERV15 Hospitality 00 
TOTAL 29 
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4.3.2.2.2 Data collection procedure 
A case study protocol (refer to Appendix E) was developed comprising a list of the 
research variables to address, and the respective questions, potential sources of 
information, and field procedures. Although data collection focused on the formal 
research variables, we also addressed other issues enabling us to understand the observed 
pattern of use of Six Sigma implementation, such as the history of use of its 
implementation and the difficulties experienced by the service organizations in using Six 
Sigma. Several data collection methods were used in both the phases including semi-
structured interviews, direct observation, and secondary data. 
4.3.2.2.2.1 Documentation 
Evidence for case studies can be obtained from various sources such as documents, 
archival records, interviews, direct or participant observation, and physical artifacts. In 
this phase of the study the data collection is based on documentary evidences, which 
helps in providing specific details to corroborate information and also inferences can be 
made from documents (Yin, 1994). The documents considered for this study is in the 
form of articles, interviews, and speeches published in journals, magazines, newspapers, 
and websites. SERV 1 - SERV 14 are different public service organizations in Singapore. 
SERV 15 is Starwood Hotels and Resorts, which is a US, based organization. Much 
information is available about Six Sigma implementation in public service organizations 
on Singapore Government’s official portal for Public Service excellence, i.e., PSO. The 
data is also collected from various reports and presentations of the completed projects.  
The first two phases of case studies were devised to provide a breadth of data and 
understanding of the Six Sigma implementation in service organizations. Along with the 
small-scale survey the second phase further enhanced the database on different aspects of 
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Six Sigma implementation. The third phase will provide more rich and deep data, which 
involve a large scale questionnaire survey and case studies with in-depth interviews.  
Phases one and two are specific and as detailed and rich in data as the third phase, but 
they are limited in time, access, and practitioner involvement. Thus, specific areas of 
inquiry could be examined, but a true behind the scenes, and multi-faceted picture and 
understanding could not be provided. To provide such an understanding, in-depth case 
studies and large-scale survey were needed that would allow a significant access to 
different managerial levels and inputs from the use of different research techniques. This 
constituted the third phase where case studies ran parallel with the second phase. 
4.3.2.2.3 Unit of Analysis 
Except for single case versus multiple-case design possibilities, one can also distinguish a 
case design separating and choosing between a single unit of analysis and multiple unit of 
analysis, see Yin (1994). In the literature, unit of analysis refers to a great variety of 
objects of study, for example, a person, a program, an organisation, a classroom or a 
clinic (Mertens, 1998), or a community, state or nation (Patton, 1987). Other authors have 
considered the unit of analysis as interviews or diaries in their entity, and the amount of 
space allocated to a topic or an interaction under study (Downe-Wamboldt, 1992). 
For case studies, the overarching unit of analysis was the Six Sigma projects but there are 
sub-units that were investigated in order to reveal the main unit as realistically as 
possible. These sub-units are the experiences from different expertise (belt levels), the 
difficulties faced, the tools and techniques used, which also counts for the opinions 
among the actors involved in the implementation work. The reason behind choosing 
different expertise is because of different roles of black belt (BB) and green belt (GB) in 
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Six Sigma project. BBs are the project leaders who are responsible towards project 
management while GBs are involved in data collection and analysis process. Following 
the experiences from different expertise will help in understanding the concerns from 
different levels, about Six Sigma projects. Table 4.2 provides link between the research 
questions of our study with the unit of analysis considered. 
Table 4.2:  Linking research questions with unit of analysis 
Research Questions Unit of Analysis 
RQ1. What success factors are of importance for 
succeeding with a Six Sigma implementation in 
service organizations? And how do they impact 
its implementation in services? 
Six Sigma Project 
− Different expertise 
− CSFs 
RQ2. How service organizations that have 
successfully implemented Six Sigma worked 
and what difficulties have emerged during the 
implementation process? 
Six Sigma Project 
− Different expertise 
− Difficulties faced 
RQ3. What are the tools and techniques for Six Sigma 
implementation in services? And how they are 
selected? 
Six Sigma Project 
− Different expertise 
− Tools and techniques 
Therefore, during the case studies different expertise in Six Sigma are chosen, which 
indicates that the chosen research design is an embedded multiple-case design. The 
replication does not necessarily mean that each case study needs to be either holistic or 
embedded (Hansson, 2003). The individual cases, within a multiple case study design 
may be either. When an embedded design is used, each individual case may include the 
collection and analysis of high quantitative data including the use of surveys within each 
case (Yin, 1994). During this study, each individual case in the multiple-case design 
represented an embedded design. This unity between the individual cases was chosen in 
order to discover possible differences between the respondent groups, different levels of 
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expertise and experience in Six Sigma implementation, as they may not share the same 
experience from an implementation process.  
4.3.3 Phase III – Large-Scale Questionnaire Survey and Case Studies 
The small-scale questionnaire survey helped in understanding the status of Six Sigma in 
service organizations. It also highlighted certain issues which are required to be studied 
further in order to develop the theory. The next step is to conduct a large scale 
questionnaire survey and further case studies.  
4.3.3.1 Case studies 
The case study organizations were selected based on the idea of theoretical sampling. In 
case of theory building, theoretical sampling is preferable in comparison to 
generalizability concept in statistical studies. So, the cases are chosen for theoretical 
rather than statistical reasons (Schroeder et al., 2007; Eisenhardt, 1989). 
The case studies in this phase involved three different service organizations and provided 
an opportunity for detailed understanding of Six Sigma implementation. After the second 
phase overall 8 organizations were contacted, 3 of which agreed to participate in the 
study. Similar to second phase, a range of data collection methods which include 
participant observation (e.g., organization tours), formal interviews, and review of 
company documents and archives, were used in this phase. This allowed a multi-
perspective view on Six Sigma implementation in service organization. 
4.3.3.1.1 Data collection procedure 
4.3.3.1.1.1 Interviews  
We conducted structured interviews with all the informants. In case of the four Staff 
Nurses for the healthcare service organization the questions were mainly towards their 
experience about the current projects, because of their limited knowledge of Six Sigma. 
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The structured questionnaire (refer Appendix D) involved questions on the Six Sigma 
initiative, project selection, Six Sigma implementation process, and the learning 
experience. As a part of Six Sigma initiative, we asked the informants about the reason 
they prefer Six Sigma over other initiatives, how the preparations were done to 
implement Six Sigma, and what was their approach to training personnel for Six Sigma. 
In project selection the informants were asked about the criteria of selection for the 
projects, factors involved in success of a project, and reasons behind unsuccessful 
projects. For the process of Six Sigma implementation, the questions are about their 
considerations on CTQs, tool and techniques used at different phases of DMAIC, 
selection criteria of STTs, and KPIs. We also asked the informants about their learning 
experience on the basis of Six Sigma’s relevance to their organization, problems faced 
during the implementation process, and how they overcame those problems. 
In total there were 10 interviews; 6 formal and 4 informal. All formal interviews were 
taped, transcribed, and coded. The list of interviewees is provided in Table 4.3. 
Table 4.3:  List of interviewees 
Organization Interviewee Designation 
Hospital I1 Director, Human Resource 
I2 Head of Department 
Construction and Related 
Engineering  Service 
I3 Assistant Director   
I4 Senior Development Officer  
Consultancy I5 Consultant  
I6 Building Manager  
Having already established a database from the literature review, initial questionnaire 
survey, and exploratory case studies on different aspects of Six Sigma implementation in 
service organizations, phase three interviews were more focused and directed. A protocol 
for conducting these interviews is provided in Figure 4.4. 




Figure 4.4:  Interview protocol for the interviews (adapted from Nonthaleerak and 
Hendry, 2008) 











− Type of service organization 
− Number of full-time employees in the 
organization 
− Business improvement initiatives implemented 
in the organization 
 
− Reason for preferring Six Sigma over other 
initiatives 
− Initial preparations done to implement Six 
Sigma 
− Learning experience, after Six Sigma training 
− Approach for training personnel in Six Sigma 
 
− Criteria for selecting project 
− Approach after project selection 
− Factors helpful in successful completion of 
projects 
− Projects completed by the organization / 
department 
− Number of successful projects 
− Reasons behind unsuccessful projects 
− Quality characteristics that required to be 
improved 
− Selection criteria for tools and techniques 
− Tools and techniques used during different 
phases of Six Sigma methodology 
− List of performance indicators considered  
− Factors leading to variation in tools usage 
 
− Overall feeling about Six Sigma 
− Six Sigma’s relevance to service organizations 
− Reasons behind Six Sigma’s widespread usage 
− Difficulties faced during Six Sigma 
implementation 
− Overcoming these problems 
− Major learning from Six Sigma implementation 
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4.3.3.1.1.2 Participation in projects 
In the case study of healthcare service organization, I was also involved in as a team 
member for two Six Sigma projects. This provided an opportunity to develop a 
partnership which lasted for six months. Combining retrospective and longitudinal study; 
as done in case of healthcare service organization for the study enhances construct, 
external, and internal validity (Barton, 1990). Moreover, this type of partnership in 
grounded theory research helps in observing phenomenon development and to develop 
framework from the collected data (Leonard and Mc Adam, 2001). Approaching the 
interviewees was not a problem, as I was visiting the organization on regular basis. This 
helped in getting completed answers on all questions and returning at a later date to seek 
clarification to questions that arose. For the other two organizations though there is no 
participant involvement, but the interviewees were approachable when required. Overall, 
interviewees represent different level in terms of experience and expertise with Six 
Sigma; this helps to avoid a bias or unqualified opinion which can be a problem in single 
respondent study (Nonthaleerak and Hendry, 2008; Voss et al., 2002).    
My involvement in one of the case studies helped in observing changing attitudes 
towards Six Sigma and the development of the project. These observations included the 
challenges and issues involved in Six Sigma projects in service organizations. It allowed 
a more detailed history of Six Sigma implementation in the organization to be plotted, 
with wide access to documentation providing a clear picture of the reasoning for Six 
Sigma adoption, CSFs, CTQs, selection of tools and techniques, and the difficulties 
faced. Therefore, the case study research included an element of ethnography as what 
was being attempted was to learn the implementation of Six Sigma, and not only to 
accept or listen to the views articulated but also to actively use those views in discussion.  




The documentary evidences for information about these case studies is gathered through 
various sources which include websites such as Singapore Government website (PS21–
Public Service for 21st Century), articles, interviews and speeches from newspapers, 
magazines, and journals. Other sources of data are the reports and presentations of the 
completed projects. 
This third phase of research was being carried out at the same time as the studies in phase 
two. The issues emerging from the previous phases were brought over and examined in 
the three case studies. Though, the specific questions raised during previous phases could 
not be specifically answered by these three case studies but wider issues that were 
replicated throughout were examined. Thus, these three case studies allowed greater 
detail and more intricate issues to be dealt with.  
This phase also involves a large-scale questionnaire survey by focusing on companies 
which operate in different geographical locations, following the integrative approach 
suggested by Gilmore and Carson (1996). Combining such compatible and 
complimentary methods provide depth, breadth, and subtlety of information to the study 
(Carson and Coviello, 1996). This survey is done concurrently with the case studies and 
the responses from it further strengthen the development of conceptual framework for Six 
Sigma implementation in service organizations.     
4.3.3.2 Large-scale questionnaire survey 
4.3.3.2.1 Structure of the questionnaire 
There are six parts in the questionnaire (refer to Appendix G). The first part of the 
questionnaire is intended to get some general information of the respondent company, 
which includes the type of service organization, the size of the company, the type of 
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company (local, multinational, or joint venture), whether they have quality department, 
there is a proper quality system in place, any business process improvement initiatives 
they are doing, and finally whether they have implemented Six Sigma. It is also designed 
as a filter to segregate the data based on service organizations which have or have not 
implemented Six Sigma. The second part of the questionnaire attempts to identify the 
CSFs which are important while implementing Six Sigma in organization. The third part 
consists of four questions. First two questions are related to CTQs. One is asking about 
definition of CTQ and the other is to identifying CTQs that are to be improved through 
Six Sigma implementation. Third question explores the tools and techniques used in Six 
Sigma DMAIC methodology and last one is about their selection criteria. The fourth part 
focused on finding about KPIs and its definition while in the fifth part the objective is to 
identify the difficulties faced by service organizations in Six Sigma implementation. The 
last part is for those service organizations which have not implemented Six Sigma. There 
is one question in this part to explore about the reasons behind not implementing Six 
Sigma.  
Besides the six parts above, the web-based respondents were sent an introductory letter 
and follow-up letter by e-mail. In each e-mail, the targeted person was directed to a 
specific web page address posted on the university internet server, where the survey was 
presented. After completing the survey and pressing a Submit button, the responses were 
automatically saved on the internet server with a date and time stamp.   
4.3.3.2.2 Questionnaire design 
Following Gilmore and Carson’s (1996) integrative approach, we focused on survey of 
service organizations in different geographical locations. Web-based surveys are one of 
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the most preferred methods when data collection is to be done from organizations spread 
world-wide. They have several advantages over other collection methods, such as low 
cost, broader distribution, potentially higher response rates, faster survey turnaround time 
times and high selectivity (Coderre and Mathieu, 2004; Boyer et al., 2002; Klassen and 
Jacobs, 2001).  
The design of the survey web page was similar to hard-copy survey. Like a paper survey, 
the respondents can scroll through questions in a particular section and also browse 
through the questions in other sections without any restrictions. They could also answer 
questions in any order and could complete the survey in several sessions. In terms of 
appearance user friendly features was designed (e.g. radio buttons, check boxes, 
scrollable dialog boxes, etc. where appropriate, given the nature of the question) to speed 
completion of survey (Kalssen and Jacobs, 2001; Dillman, 1999).  
Similar to small-scale questionnaire survey, here also in the question content we intended 
to assure the respondents will be willing to answer honestly. To achieve this, there was 
no requirement for personal information in any of the questions. The respondent profile 
which needed personal information was optional.    
4.4 Response Variables 
The focus of this research is to understand the performance and implementation aspects 
of Six Sigma. More specifically the aims were to estimate the success and progress of Six 
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The dependent variables for this research are: 
i. Critical Success Factors (CSFs) 
The literature on Six Sigma discusses different CSFs important for implementing it 
in organizations. These CSFs are mentioned without any rigorous proof 
(Nonthaleerak and Hendry, 2008; Brady and Allen, 2006). The CSFs specific to 
service organizations are mentioned in very few literature, with support coming 
from pilot survey (Antony et al., 2007; Antony, 2004b). In our questionnaire design 
we follow these previous studies and included CSFs which are important from Six 
Sigma implementation point of view. 
ii. Critical-to-Quality (CTQ) Characteristics  
The CTQs are not much explored in the literature and there is no specific study 
exploring it specifically for service organizations. Though there is some mention 
about in Antony (2004b) as metric but overall it still remains unexplored. In small-
scale survey we included CTQs from previous limited studies and explored further. 
The small-scale survey and case studies helped us in preparing a list of CTQs 
related to service organizations which we included in the large-scale survey. The 
focus of large-scale survey was also to understand the interpretation of CTQs by the 
practitioners as we already observed that there is ambiguity between CTQs and 
KPIs.  
iii. Key Performance Indicators (KPIs) 
As already discussed during literature review (Section 2.10) there is different 
interpretation about KPI within the Six Sigma literature. The preliminary case 
studies also highlighted this ambiguity and it is felt that practitioners interpret KPI 
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as key performance input. Similar to CTQs, we explored about KPIs through our 
small-scale survey and later in case studies and large-scale survey we asked for the 
interpretation of KPIs.      
iv. Set of Tools and Techniques (STTs) 
There is much literature mentioning tools and techniques used in different phase of 
DMAIC during Six Sigma implementation. Literature focusing on STTs specific to 
Six Sigma implementation in service organizations is limited barring a few studies 
(Antony et al., 2007; Antony, 2004b). Through small-scale and large-scale survey 
we explored the importance placed by service organizations on STTs they used 
during projects. Case studies and large-scale survey helped us also in exploring the 
selection criteria of STTs. 
v. Difficulties/Reasons in Six Sigma implementation 
The literature focused on inherent differences between service and manufacturing 
processes, in describing the difficulties or reasons behind limited Six Sigma 
implementation in service organizations. The studies though lack academic rigor 
and are mainly theoretic in nature. The small-scale survey questionnaire included 
differences and reasons based on previous studies. Later stages, i.e. during case 
studies and large-scale survey we included some more difficulties and reasons 
explored in early stages of our research.     
The independent variables are: 
i. Demographic information 
• Country 
• Type of organization – multi-national, local, joint-venture  
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ii. Type of service organization 
iii. Size of service organization 
• Employee size – size or range of full-time employees in the organization 
iv. Whether the organization has implemented Six Sigma or not 
• Yes 
− How long has your company been using the Six Sigma initiative 
− Average sigma capability level of your core business processes 
− Percentage of your business process are you applying Six Sigma 
− How many Six Sigma projects have your company completed 
− Estimated cost of poor quality as a percentage of sales revenue 
−    Your skills in Six Sigma 
− Whether your Six Sigma responsibility is full-time or part-time 
• No 
− Reasons behind not implementing Six Sigma 
4.5 Targeted Population 
Small-scale survey was conducted in Singapore service organizations through posted 
questionnaires. Large-scale survey was conducted in world-wide service organizations 
through online questionnaire. The targeted population for small-scale survey was selected 
from two main sources: the Singapore 1000 list and the Green Book (2007/2008). For 
large-scale survey the targeted population was selected from OSIRIS database, which is 
accessible through the University Library portal. These sources provided the required 
information for the organizations such as their address, contact information, nature of 
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business, etc. We selected service organizations such as from healthcare, finance, 
hospitality/hotel, employment agency, educational institution, consultancy, utility, 
information technology, transportation etc. In total, 250 organizations for small-scale 
survey and around 13,500 organizations for large-scale survey were selected. For the 
purpose of our research, we focused on master black belts, black belts, green belts for 
organizations, if they have implemented Six Sigma, and senior managers or managers in 
quality department for organizations, if they have not implemented it. Some 
organizations in the database have names of the respondents which we verified and if 
required updated by visiting the website of the organization. Those organizations for 
which the name of contact person is not available the survey was sent to the manager, 
human resource, with a request to pass it to concerned person in the organization. 
4.6 Survey Implementation 
In the targeted population, we aim to investigate the extent of Six Sigma implementation 
in service organizations and possible factors which may affect its implementation. 
The design of our survey was based on Frohlich’s (2002) technical note to improve the 
response rate of the survey research. For small-scale survey we mailed each organization 
a cover letter with university letter head explaining the aims and benefits of the research, 
one copy of the questionnaire, and a pre-paid reply envelope. Three weeks after the first 
mailing, a reminder letter was sent to those companies which had not yet replied. No 
incentives were provided to the participants for filling this survey. However, if they 
required, we promised to send a summary of research findings when it became available. 
Similar approach was applied while conducting the large-scale survey.  
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4.7 Testing for Sampling Bias 
To test for non-response bias, a method often used, especially in the marketing literature 
and adopted by Ettlie and Kubarek (2008), was applied in our research for both small-
scale and large-scale survey. The purpose is to compare early and late responders using 
selected comparisons of means for the first one-third and last one-third of the responses 
received. 
There were no statistically significant differences between the means of the first one third 
and the last one third of the response questions dealing with the variables in the study: 
CSFs, KPIs, and STTs except in one case (refer Table 4.4a and 4.4b). 
Table 4.4a:  T-test for bias: small-scale survey 
Variable t df Significance 
(Two-Tailed) 
CSFs -0.978 14 0.345 
KPIs -1.41 14 0.179 
STTs -0.30 50 0.764 
Table 4.4b:  T-test for bias: large-scale survey 
Variable t df Significance 
(Two-Tailed) 
CSFs PSS 0.992 16 0.336 
FSS -1.323 16 0.204 
STTs PSS -0.936 48 0.354 
FSS -3.275 48 0.002* 
(PSS – Partial Six Sigma; FSS: Full Six Sigma) 
The bias is observed in case of large-scale questionnaire survey for use of tools and 
techniques. The possible reason for bias is because the first one third of the respondent 
organizations which have fully implemented Six Sigma is mainly manufacturing based 
and have done projects in their service operations. In comparison the last one third of the 
respondent organizations are service organizations such as finance and 
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telecommunication services. This bias shows the distinction in nature of Six Sigma 
implementation in manufacturing and services.  
4.8 Conclusion  
This chapter demonstrates the constructs of the survey instrument and case study 
interview questionnaire. Consistent with the literature review and our theoretical 
framework, we presented the variables required to verify the framework and how to 
measure them. In subsequent chapters, we will analyze and discuss the data collected 
through surveys and case studies. 
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CHAPTER 5 PHASE I: MACRO STUDY 
5.1 Introduction 
This chapter will discuss about first phase of the integrative approach. The phase is 
termed as Macro Study and involved two case studies. The case studies provided an 
overview of the Six Sigma implementation in service organizations. Further the studies 
helped in gathering information about critical success factors (CSFs), critical to quality 
characteristics (CTQs), key performance indicators (KPIs), set of tools and techniques 
(STTs), and difficulties faced during Six Sigma implementation.  
5.2 Phase I – Macro Study 
5.2.1 Data Collection Procedure 
5.2.1.1 Interview 
We conducted informal interview with the consultant who was involved with both the 
case studies. The consultant was the only black belt involved in this project. At the time 
of the study the consultant was also undergoing the black belt training. Both projects 
were new for the consultant. The interview process was more in the form of discussion to 
explore about the ongoing Six Sigma projects. The discussions were not tape recorded 
but the views of the consultant were noted for each session. Broadly the questions of the 
discussion include: 
• What are the CSFs for Six Sigma implementation? 
• What are the CTQs considered for the two ongoing Six Sigma projects? 
• What are the KPIs involved for the Six Sigma projects? 
• What tools and techniques are used in these two projects? 
• What factors affect the choice of tools and techniques? 
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The consultant was available and assisted in case clarification or in checking the accuracy 
of interpretation. 
5.2.1.2 Documentation 
The case studies involved documentation in the form of project reports, presentation and 
project meeting minutes. More specifically project report was major documentation for 
first case study whereas for second case study the project report was mainly in the form 
of presentations. 
Table 5.1: Data collection source 
Case Study 1 Interview, Project Report, Presentations after each phase of 
DMAIC, Meeting minutes 
Case Study 2 Interview, Presentations after each phase of DMAIC, Meeting 
minutes 
5.2.2 Case Study1: ESERV13Φ 
5.2.2.1 Background 
The study done here is about the improvements to customer feedback process, through 
hotline in an educational service environment. Once a customer connects to the hotline, it 
has recorded guidelines for the customers to direct them. Previously, there was a person 
also who use to handle the calls, if the recording system is busy. It is observed that there 
is an increase in number of calls for a particular period and also there is increase in 
customer complaints. In order to identify the reason behind sudden increase in number of 
calls and complaints it is decided that Six Sigma will be utilized. By using Six Sigma it is 
possible to systematically found an effective solution. 
                                                            
3
 ESERV – Exploratory Service Organization 
Φ
 A paper is presented on this case study in 3rd IEEE Conference on Management of Innovations and 
Technology, Jun 21 – 23, 2006, Singapore.  
Chapter 5                                                                                                 Phase I: Macro Study 
96 
 
5.2.2.2 Data analysis  
In the data analysis we looked at our text data from the single interview, project report, 
and presentations. The text data from various documents and interview is analyzed to find 
evidences on CSFs, CTQs, STTs, and KPIs. Initial analysis showed that the documentary 
evidences do not provide much information about STTs and KPIs. Further analysis also 
revealed that the documents mainly talk about CTQs.  
5.2.2.2.1 Findings 
In order to identify the CTQs, the detail of customer feedback process is to be 
understood.  In this particular case, the person involved with this improvement project is 
consulted to gain knowledge about the process. Process knowledge helped in identifying 
the CTQs, which are 
• User friendliness of the telephone system 
• Responsiveness in directing customer to the right source of contact 
• Department representatives responsiveness in answering the query 
• Customer service of the call center staff 
The measures of CTQs identified are: 
• Support cost per call 
• Man-hour 
• Cycle time 
• Customer satisfaction 
5.2.2.3 Discussion 
The purpose of this case was to gain insight about the CSFs, CTQs, STTs, and KPIs for 
customer feedback process, in a different kind of service environment. This particular 
case is from an educational service environment, where Six Sigma implementation is still 
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limited. Once the CTQs are identified they are compared with other services such as 
healthcare and bank (Kwak and Anbari, 2006; Jones Jr., 2004; Sehwall and De Yong, 
2003; Rucker, 2000). The comparison of CTQs is provided in Table 5.2 below. 
Table 5.2: Comparison of CTQs 
Healthcare Throughput, cost per procedure, waiting time, service time, information 
conveyance time, cost per unit of service, labour productivity, customer 
satisfaction, clinical excellence, patient safety, revenue enhancement, 
employee satisfaction  
Bank Increased sale revenue, improved service and balance retention, delighted 
customers, reduced cycle time for mortgage application, external and 
internal call backs, cycle time reduction of finance and leasing service 
Call Center Support cost per call*, man-hour*, cycle time*, customer satisfaction*, 
wait time, service time 
* (CTQs identified in the present study) 
5.2.2.3.1 Implications 
Using the case study approach with data coming from documentary evidences, we started 
with CSFs, CTQs, STTs, and KPIs; looked into the Six Sigma journey of the service 
process through variety of documents, and an interview. We found that collected data 
does not provide any information about KPIs and STTs. The evidences of CSFs and 
CTQs are found and they are consistent with the literature. The findings of the study 
provide an understanding of the different aspects, i.e. about CSFs, CTQs, KPIs, and STTs 
of Six Sigma implementation, which can further help in extending its implementation to 
different service organizations.  
The study shows that top management commitment is an important CSF in Six Sigma 
implementation as it is mentioned by the respondent during the interview. Support cost 
per call, cycle time, man-hour, and customer satisfaction are some of the CTQs identified 
from this study which have similarities with other service organizations (refer Table 5.2). 
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Overall the study helps in identifying CSFs and CTQs which can act as a guide for 
developing the framework about Six Sigma implementation in service organization. 
5.2.2.3.2 Limitations 
The work has the inherent limitations of a case study using documentary evidences. The 
limited availability of documentary evidences restricted detailed analysis of Six Sigma 
implementation. The study was able to focus only on CSFs and CTQs on the basis of the 
information available.   
5.2.3 Case Study2: ESERV2∗ 
5.2.3.1 Background 
The case study on library services provided the opportunity to further explore about the 
CSFs, CTQs, STTs, and KPIs and compare with other services, which are already 
mentioned in the literatures. There is no prior literature available regarding Six Sigma 
implementation in library service environment.  
Similar to the first case, here also the knowledge about the process is gained through 
project presentations, reports and also from the person, who lead the team to improve 
library processes. Unlike first case, here the concentration is not only on CTQs and KPIs, 
but also on application of the DMAIC phases to improve the existing process.   
5.2.3.2 Data analysis  
In the data analysis we looked at our text data from the interview, project report and 
presentations. The text data from various documents and interview is analyzed to find 
evidences on CSFs, CTQs, STTs, and KPIs. Initial analysis showed that the documentary 
evidences do not provide much information about STTs. Further analysis also revealed 
that the documents mainly talk about CSFs, CTQs and KPIs.  
                                                            
∗
 A paper is presented on this case study in 2nd European Conference on Management of Technology, Sept 
10 – 12, 2006, Birmingham, UK. 




These became the basis to develop improved processes. The CSFs, CTQs and KPIs 
identified are shown in Table 5.3. 
Table 5.3: Important library CSFs, CTQs, KPIs, and STTs determined from the case 
study 
CSFs Top management commitment 
CTQs Time, staffing level, cost of processes, volume of output 
KPIs Staff development, timely and quality service, accessibility, image and 
reputation, positive customer experience 
STTs Project charter (Define), process map (Analyze), cause and effect analysis 
(Analyze) 
A brief explanation of the CTQs considered for this study is provided below: 
i. Time: This involves the time to process user requests through the telephone,   e-
mail or in person.  Time is also spent checking, updating, and shelving the library 
resources such as books, journals, micro films, etc. 
ii. Staffing level: This refers to the library staff involved in various processes of the 
technical services, loans and user services, and library automation and digital 
services. 
iii. Cost of processes: This refers to the current cost of the various processes in 
technical services, loans and user services, and library automation and digital 
services. 
iv. Volume of output: This includes the over-the-counter transactions and also 
transactions using the self-service machines. 
The KPIs of this study are discussed below: 
i. Staff development: This involves developing the skills of the staff through 
education and training. 
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ii. Timely and quality service: This is to be proactive and to have value added 
services. 
iii. Accessibility: This is to make the books and digital library services available as 
quickly and as efficiently as possible. 
iv. Image and reputation: This is the status of the library as seen from a customer’s 
point of view. 
v. Positive customer experience: This is to improve the physical ambience of the 
library premises and to add features such as laptop charging areas, etc in order to 
make the library users feel comfortable. 
5.2.3.3 Discussion 
The purpose of this case was to gain knowledge about CSFs, CTQs, STTs, and KPIs in a 
library service environment, where Six Sigma application is still limited. The study 
helped in mainly identifying the CTQs and KPIs but did not provide much information 
about CSFs and STTs. The implications and limitations of the study are discussed below. 
5.2.3.3.1 Implications 
We found that collected data does not provide much information about CSFs and STTs. 
The findings of the study provide an understanding of the different aspects of Six Sigma 
implementation, which can further help in extending its implementation to different 
service organizations.  
The study shows that top management commitment is an important CSF in Six Sigma 
implementation as it is mentioned by the respondent during the interview. Similar to first 
study, time and cost are important CTQs for library services along with volume of output 
and staffing level. KPIs identified are related to image of the organization and the positive 
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experience of customer. There is not much information about STTs as the project was at 
initial stages. 
5.2.3.3.2 Limitations 
The study was able to focus only on CTQs and KPIs on the basis of the information 
available.  
The two studies mentioned above have limitations that, it was only single respondent 
interview and there is also limited documentary evidences related to both the case studies. 
Further, relative in-experience of the respondent about Six Sigma and newness of the 
project restricted further exploration. Newness of the project implies that the consultant 
was new to the project and also the services where Six Sigma was getting implemented 
are not well explored in literature. But, overall these two studies helped in providing a 
direction for future case studies and also in the development of framework. 
5.3 Conclusion 
Preliminary case studies conducted here confirms some of the findings related to CSFs, 
CTQs, STTs, and KPIs with the literature. The discussion with the consultant also 
highlights the growing importance of Six Sigma in service organizations. Though the 
cases have their limitations, irrespective of that, they along with the literature provide a 
basis for development of a conceptual framework. 
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CHAPTER 6 SMALL-SCALE QUESTIONNAIRE SURVEY 
6.1 Introduction 
We conducted two surveys, one small-scale and another large-scale, and also did case 
studies. The small-scale survey was limited to Singapore service organizations where as 
large-scale survey was conducted world-wide. The case studies involved service 
organizations mainly from Singapore with a single case from the US. This chapter will 
focus on the findings from the small-scale survey. 
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6.2 Small-Scale Questionnaire Surveyϒ     
6.2.1 Preliminary analysis 
In this section we will summarize some of the basic information gathered from the 
survey. This information is related to number of responses, respondent profiles, profile of 
organizations which participated in the survey, etc.  
6.2.1.1 Number of responses 
Out of 250 service organizations in the mailing list, 85 were returned, 30 undelivered due 
to inaccurate address, and 5 companies e-mailed or called back to decline participation. 
The overall response rate was about 20%, which is satisfactory for this kind of survey 
(Antony et al., 2005a). Among the companies responded, 11 have implemented Six 
Sigma, 33 have not implemented Six Sigma and 6 are planning to implement it in near 
future. Since our focus is on organizations which have or have not implemented Six 
Sigma so the usable data for this survey was 50. This rate is almost same to previous 
similar studies. The detailed number is summarized in Table 6.1. 
Table 6.1:  Response rate: small-scale survey 
Status Number Response Rate          
(Out of all Organizations) 
Total sent 250  
Undelivered 30 12% 
Declined invitation 5 2% 
Returned (all) 85 34% 
Returned (No Six Sigma) 39 15.6% 
Returned (Six Sigma) 11 4.4% 
Returned (Usable) 50 20% 
We attribute the lower response rate to the practical limitation of our mailing list. One 
limitation in the mailing list was the incapability of indicating the service organizations 
                                                            
ϒ
 A paper is presented on small-scale survey in IEEE Conference on Industrial Engineering and 
Engineering Management, Dec 2 – 5, 2007, Singapore. 
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which were known to have implemented Six Sigma. Another limitation was the 
inaccuracy of the list. The database we used was last updated in 2004. Some of the 
respondents’ name or the targeted companies’ addresses have changed, while some 
companies have closed down. Hence, we took this response rate as acceptable.   
6.2.1.2 Respondent profile 
The profile of respondents shows (refer Table 6.2) that for organizations which have 
implemented Six Sigma, response is mostly from top management. This suggests top-
down nature of Six Sigma implementation. Another observation is, except one, all other 
organizations which implemented Six Sigma, have employee size of 200 or more. This 
seems to suggest that smaller service organizations are still not considering Six Sigma 
implementation. Though, it may not be generalized due to low response rate. Overall, it 
shows Six Sigma is still limited in service organizations. 
Table 6.2: Profile of respondents: job title of respondents and company size: small-scale 
survey 
Job Title Frequency Company Size 
(No. of Full-time 
Employees)  
No. of Companies 
A B A B 
Black Belt - 3 20 – 49 2 0 
Director 3 2 50 – 99  0 1 
Deputy Director/Vice President 9 3 100 – 199   7 0 
General Manager 3 - 200 – 499  9 3 
Manager 14 2 500 – 999  8 1 
1000 – 1999  0 3 
Not Specified 10 1 2000 – 4999  2 1 
5000 - 10000 1 1 
TOTAL 39 11 > 10000 1 1 
Not Specified 9 0 
 TOTAL 39 11 
(A – Organizations which have not implemented Six Sigma; B – Organizations which 
have implemented Six Sigma) 
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6.2.1.3 Organization profile 
The types of service organizations which participated in the survey include public 
services, transport, consultancy, education, insurance, logistics, utilities, and others. 
Others involve organizations such as finance, healthcare, distribution, real estate, 
telecommunication, tourism, travel, and engineering services. Figure 6.2 shows the 
distribution of organizations which have, and have not implemented Six Sigma. In both 
the cases maximum response is from public service organizations. The high response rate 
from public service organizations in case of Six Sigma implementation can be attributed 
to the Singapore Government’s initiative in 2001. Since then several public service 
organizations have successfully completed a number of Six Sigma projects and registered 
financial benefits.   
 
Figure 6.2: Distribution of service organizations 
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6.2.2 Descriptive analysis 
6.2.2.1 Critical success factors (CSFs) 
The CSFs identified for Six Sigma implementation in literature till now, have not focused 
specifically on service organizations. The discussions are mostly descriptive and general 
in nature. There is a need for in-depth understanding about CSFs for services and how 
they influence Six Sigma implementation. Antony (2004b) has tried to address this issue 
through a pilot survey in UK service organizations. More recently, Nonthaleerak and 
Hendry (2008) highlighted the existing gap and explored the issue through case studies. 
The study though involved services but was mainly limited to service operations in 
manufacturing organizations.  
Our study explored about CSFs through survey and found some similarities with previous 
studies (Brady and Allen, 2006; Antony, 2004b). Top management commitment and 
cultural change as CSFs are consistent with existing literature. Identification of 
organizational readiness and customer focus as important CSFs show that for service 
organizations these factors may be more specific. The CSFs (along with their average 
score) identified from this study are: 
• Top management commitment (4.52) 
• Cultural change (4.36) 
• Organizational readiness (4.27) 
• Customer focus (4.13) 
• Education and training (3.95) 
• Company-wide commitment (3.91) 
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Though the findings confirm with the literature but relative importance of CSFs vary 
across the studies. In-depth case studies involving service organizations can be a useful 
way to further understand the importance and impact of individual CSFs. 
6.2.2.2 Critical-to-quality (CTQ) characteristics 
There is not much exploration in case of CTQs. Similar to CSFs; much description about 
CTQs is focused on manufacturing and to certain extent on healthcare and banking 
services. This study identified CTQs; time (waiting time, cycle time, and service time), 
service cost, accurate and timely information to customer, and time to respond to 
customer complaints from the responses of different service organizations. Closer 
analysis shows that all these CTQs are mostly focused on customer. This probably 
explains the preference of customer focus as one of the CSF. Also it shows the 
importance of customer in service organizations (Metters and Marucheck, 2007).   
6.2.2.3 Key performance indicators (KPIs) 
The survey analysis presented efficient service as the most important of performance 
indicator followed by customer satisfaction, reduced cost, reduced variation, timely 
delivery, and employee satisfaction. The discrepancy between the responses and the 
existing literature shows that there is a need to understand the meaning of KPI from 
practitioner’s perspective. This will help in proper interpretation of KPI and evaluating its 
significance in Six Sigma implementation in services. 
6.2.2.4 Set of tools and techniques (STTs) 
The success of Six Sigma lies in its systematic methodology of DMAIC. Each phase of 
this methodology involves application of various tools and techniques (Antony et al., 
2005a). We analyzed STTs in three ways based on the available responses. The first is 
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about those STTs which are more frequently used by the service organizations. This is 
decided on the basis of average response rate for the STTs provided by the organizations.  
 
Figure 6.3: Frequency of usage of STTs by service organizations: small-scale survey 
A notable observation is the less preference of statistical tools and techniques by the 
service organizations. Statistical tools and techniques such as regression analysis, design 
of experiments (DOE), etc. are missing from the list as can be seen from Figure 6.3. The 
findings on STTs have some similarities with the UK survey (Antony, 2004b), but order 
of preference is different.   
The second analysis is about those tools and techniques which are used by most of the 
respondents. The use of these tools and techniques as per different phases of Six Sigma 
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Table 6.3: Frequency of usage of STTs at different phases of DMAIC: small-scale 
survey 
Define Pareto analysis, Brainstorming, Flowchart, Work flow diagram, Project 
management  
Measure Cause and effect diagram, Pareto analysis, Brainstorming, Check sheet, 
Histogram, Normal probability plot, Flowchart, Matrix diagram, Work 
flow diagram, Project management 
Analyze Cause and effect diagram, Pareto analysis, Brainstorming, Histogram, 
Normal probability plot, Flowchart, Matrix diagram, Work flow diagram, 
Project management, Analysis of variance, Root cause analysis 
Improve Brainstorming, Flowchart, Work flow diagram, Project management 
Control Control chart, Flowchart, Cost of quality, Project management 
The above table shows only the tools and techniques which are most preferred and used 
in most organizations. It can be observed that some tools and techniques are used in all 
the phases, whereas some are specific to a few phases. In the next part, we focused our 
analysis only to those tools and techniques which are used in all the phases. Table 6.4 
shows that frequency of use of STTs in measure and analyze phase is more, compared to 
other phases of Six Sigma methodology. Use of regression and correlation analysis can 
also be seen from this table. Though its usage is less preferred as observed from the 
responses of the organizations. 
The analysis showed that there is a spread in usage of tools and techniques in service 
organizations. Though, closer analysis revealed a close set of tools and techniques 
preferred by most organizations (marked in bold). In-depth case studies in service 
organizations can further reveal the reasons behind selection of STTs and their usage 
pattern.  
Table 6.4: STTs that are used at all phases of DMAIC: small-scale survey 
STT Define Measure Analyze Improve Control Col. Ave. 
BS 6 5 6 7 2 5 
CC 1 1 2 1 8 3 
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COQ 3 2 1 4 5 3 
CS 3 6 3 3 3 4 
FC 7 5 4 4 5 5 
HG 3 6 5 3 2 4 
PC 1 5 5 4 2 3 
PM 5 4 4 4 5 4 
RD 2 3 6 1 1 3 
RGCA 1 3 7 2 1 3 
WFD 4 5 4 5 2 4 
Row Ave. 3 4 4 3 3  
6.2.2.5 Reasons for not implementing Six Sigma 
The analysis on reasons (refer Table 6.5) is done in two parts. One is for the 
organizations which have not implemented Six Sigma. Second is for the organizations 
which implemented Six Sigma. For the second category it is more of difficulties rather 
than reasons, in implementing Six Sigma. 
Table 6.5: Reasons for not implementing Six Sigma 
Reasons Percentages of Responses 
A B 
Unknown to us 23.08 - 
Not relevant 23.08 - 
Not interested 15.38 - 
Time consuming 17.95 45.45 
Difficulty in identifying process parameters 17.95 45.45 
Difficulty in collecting data - 72.72 
Too complex to use - 54.54 
A – Organizations which have not implemented Six 
Sigma 
B – Organizations which have implemented Six Sigma 
 
The organizations which have not implemented Six Sigma, mentioned reasons such as 
unknown to us, not relevant, not interested etc. For those who are not interested feels that 
the current quality management system in their organization is sufficient in tackling the 
issues. This shows that much work is required to be done by the practitioners and the 
academics in providing the necessary visibility to Six Sigma for service organizations. 
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The organizations which have implemented Six Sigma, mostly mentioned about the 
difficulty in data collection, time consuming effort, difficulty in identifying process 
parameters, and complexity. Though, theoretical description about some specific 
difficulties is available in literature, but to spread Six Sigma in services, further 
investigation in practical scenario is required. 
6.3 Conclusion 
The small-scale survey provided an insight on the status of Six Sigma in Singapore 
service organizations. The main findings are the following. Top management 
commitment and cultural change emerged as the most important success factors, which is 
consistent with the findings from literatures. Whereas attaching the Six Sigma success to 
financial benefits is the least important of success factors according to the respondents. 
Companywide commitment and customer focus are followed by organizational readiness, 
education and training etc. to complete the list of success factors. In case of critical to 
quality characteristics, time (service time, waiting time and cycle time) emerged as the 
most important followed by response time to customer complaints. The use of tools and 
techniques represent similarities across services in their usage at different stages of 
DMAIC methodology. Efficient service and customer satisfaction emerged as most 
important key performance indicators followed by reduced cost and reduced variation. 
Surprisingly, financial benefit is less preferred as performance indicator as observed from 
the responses. The major reasons for not applying Six Sigma which emerged from this 
survey of service organizations are difficulty in collecting data, difficulty in identifying 
process parameters and time consuming effort. Some service organizations also felt that 
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Six Sigma is not relevant to their organization. These reasons will probably help in 
understanding the still limited application of Six Sigma in services. 
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CHAPTER 7 CASE STUDIES 
7.1 Introduction 
In this chapter we will discuss about the findings from the case studies. The case studies 
involved 18 different service organizations having 44 Six Sigma projects. The data 
collection involved 10 interviews, participant observation and documentation. The case 
studies helped in understanding the importance of CSFs at project level, selection of 
CTQs and STTs, proper interpretation of KPI and practical difficulties faced by service 
organizations during Six Sigma implementation. 
7.2 Case Studies 
7.2.1 Multiple Case Studies (SERV1 – SERV14) 
7.2.1.1 Six Sigma in Singapore public service organizations♣ 
Public Service in Singapore embarked on its Six Sigma journey with initiation from 
Managing for Excellence (MFE) office. The office formed an inter-ministry project team 
in November, 2000 to study the usefulness and relevance of the Six Sigma management 
tool for the public service. The team comprised representatives from a diverse range of 
government departments, including the Subordinate Courts, Temasek Polytechnic, 
restructured hospitals, and various Ministries and Statutory Boards. The main objectives 
of the team were: 
• To study experiences of public and private sector service organizations in 
implementing Six Sigma so as to infer relevant lessons in adapting it for Public 
Service in Singapore. 
                                                            
♣
 A paper is published on this case study in Singapore Quality Institute Yearbook, June, 2008.  
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• To analyze and elaborate the relationship between Six Sigma and existing quality 
and organizational excellence schemes such as Singapore Quality Award, ISO 
9000, People Developer, etc. 
• To evaluate the benefits and consider Six Sigma’s suitability for Public Service in 
Singapore. 
• To assess the resources required and identifying the problems encountered in 
adapting Six Sigma to a Public Service environment. 
• To propose concrete and practical recommendations on how Six Sigma should be 
promoted in Public Service and what is required to be done by coordinating 
agencies such as MFE Office, Civil Service College, and Institute of Public 
Administration and Management. 
The team conducted two overseas study trips to US and UK. The purpose of these trips 
was to gain a better understanding of Six Sigma methodology and to evaluate its 
relevance for the Public Service in Singapore. Apart from the trips, there was also some 
sharing sessions for the team with leading industry experts about Six Sigma. The team 
then proposed that a systematic and phased socio-technical approach (refer Figure 7.1) be 
used for Six Sigma implementation and sustenance, also giving due consideration to 
training, feedback, performance appraisal, and rewards and recognition. 
On the basis of the recommendations from this team, the MFE office conducted a pilot 
project on Six Sigma for which training was provided by an external consultant. Seven 
public agencies volunteered to pilot Six Sigma projects in their organizations. In the pilot 
phase, 19 Black Belts (BBs) were trained from the seven agencies and they completed 19 
projects. The results from the pilot organizations were encouraging and prompted Phase I 
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of Six Sigma implementation process. Phase I saw 23 public agencies implementing Six 
Sigma, and training was given for 65 BBs and 100 Green Belts (GBs). These agencies 
undertook 54 projects and realized financial savings in the range of $5.1 million from 40 
completed projects4.     
 
 
Figure 7.1: Proposed approach for Six Sigma implementation in Public Service in 
Singapore5 
After success of Six Sigma implementation in pilot phase and Phase I and II, MFE office 
was restructured in 2005. Following this renewal and restructuring of the PS21 
movement, PS21 Office (PSO) was now charged with driving the Six Sigma in Public 
Service. PSO launched Six Sigma implementation Phase III in October 2005 and 
contracted QAI Singapore Pte Ltd for conducting training and consultancy for public 
                                                            
4
 Speech by Mr. Lim Siong Guan, Head, Civil Service at the 17th PS21-MFE Forum on “Six Sigma - 











Chapter 7                                                                        Case Studies  
116 
 
agencies. The training programme for Phase III was also revised after identifying certain 
issues from earlier phases of Six Sigma implementation. Those issues were: 
• Some projects were not well defined at the start of the GB or BB course 
• Projects often took too long to be completed 
• Some projects are simple enough and does not require assistance from BBs 
• Projects are not always aligned with the agency’s high-level goals 
The new training structure for GBs and BBs in Phase III Six Sigma implementation is 
presented in Figure 7.2.  
 
Figure 7.2: Phase III Six Sigma training structure5  
The training for Six Sigma involves various levels such as Champions, BB, GB, and 
Yellow Belt. Training objective, course material, training duration vary for different level 
of training. A brief about the Six Sigma training is provided in Table 7.1. In case of 
Public Service in Singapore the training in pilot phase was provided by external 
consultants, Neville Clarke (Singapore) Pte Limited and QAI (Singapore) Pte Limited. 
Officers with no prior Six 
Sigma Training 
Green Belt Training 
8 Days (3-3-2) 
1 Project 
Previously Certified Green 
Belts 
Black Belt Training 
8 Days (3-3-2) 
1 Project 
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Apart from training by external consultants there is also provision for in-house GB 
training which involves: 
• Perpetual licensing of GB training materials 
• Customisation of GB programme to public sector context  
• GB train-the-trainer programme  
Table 7.1: Description of Six Sigma training at different level 
Level Targeted Audience Training Provided by 
Champions Senior management External trainers (1 day) 
Black Belt Selected Div I officers External trainers (16 days) 
Green Belt Selected Div I officers External trainers and Internal 
Black Belts (7 days) 
Yellow Belt (Introduction to 
Six Sigma) 
All other staff e-learning (8 hrs) 
The success of Six Sigma in Public Service in Singapore can be gauged by the launch of 
its Phase III implementation plans in 2005. The pilot phase, Phase I and II, have seen the 
completion of several successful projects with high financial savings. The projects 
completed by various public agencies, can be segregated in three categories based on 
their objectives.  
• Projects to Reduce Cost  
 Optimise chlorine usage in water treatment plants (SERV13) 
 Reduce electricity consumption in the building (SERV14) 
 Improve revenue collection system for state buildings (SERV9) 
 Reduce cost of calibration/tuning of helicopter blades (SERV7) 
 Reduce billing errors (SERV11) 
• Projects to Reduce Time 
 Reduce waiting times in collection of passport (SERV6) 
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 Reduce cycle time for repairing revolvers (SERV8) 
 Improve waiting times to see prisoners (SERV8) 
 Reduce time to reply to customers letters (SERV1) 
 Minimise traffic light downtime (SERV12) 
 Reduce turnaround time to issue Tenancy agreement and temporary occupation 
license for State buildings (SERV9) 
 Reduce admission cycle time (SERV4) 
 Reduce cycle time for approval in land use consultation (SERV10) 
• Projects to Improve Quality 
 Improve accuracy in retrieval of patient records (SERV3) 
 Improve patient confidence by increasing percentage meeting the same doctor 
(SERV3) 
 Reduce starting defects in super puma fleet (SERV7) 
 Improve reliability and uptime of network systems (SERV12) 
 Improve CONQUAS (Quality Mark) assessment consistency (SERV17) 
Most of the projects completed so far focused on reducing the time, followed by reducing 
cost and improving quality. Some of the projects on improving quality are similar in 
nature with manufacturing projects which shows that nature of projects vary in public 
services from transaction based projects similar to financial services to identification of 
defects in a product as in manufacturing organizations. This diversified nature of projects 
in public agencies provides an opportunity in understanding and developing an applicable 
framework for Six Sigma implementation in service organizations. 
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7.2.1.2 Data analysis 
The Six Sigma implementation in public service organizations in Singapore started with 
strong support from the government. Starting from 2000, the agencies have successfully 
completed several projects and registered high benefits. To understand the success behind 
the Six Sigma implementation we analyzed the data and came-up with a check list 
matrix, which is “a format for analyzing field data on a major variable or general domain 
of interest” (Miles and Huberman, 1984, pp 105). The check list matrix to assess the 
supporting conditions prior to executing a Six Sigma project is provided in Table 7.2.    
Table 7.2: Checklist matrix: conditions supporting preparedness for a Six Sigma project 




Strong commitment from 
top management initially 
Support from the 
Government 
Strong commitment from 
top management 
Education and training Black belt training  
4 Weeks  
Green belt training 
2 Weeks – who support 
black belts 
4 Weeks – doing 
independent projects 
Skills Skilled – undergone black 
belt training 
Skilled – undergone green 
belt training 
Relevant prior experience Experiences in more than 4 
Six Sigma projects 
Novice or minimal 
experience to Six Sigma 
projects 
 
The matrix shows that there was strong support from the government and also 
commitment from the top management of different public service organizations. Further, 
there was also well planned training schedule for both black and green belts. The 
prerequisite for the persons to be selected for the training is also well established. This 
well structured approach by the government ensured success of Six Sigma 
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implementation in various public service organizations. This approach will be beneficial 
for those service organizations which are planning to implement Six Sigma.  
We looked at our text data which include articles from websites, journals, magazines, and 
newspapers and also from reports and presentations of 29 projects. In particular, we 
searched for CSFs, CTQ, STTs, and KPIs. The initial analysis suggested the existence of 
three out of four constructs from the data.  
We found strong evidence of management support as CSF in all of our documentary 
evidences, i.e. it is clearly mentioned in published articles, presentations, and reports. In 
case of Public Service in Singapore there is strong support from Government, followed 
by top management of individual public agencies.  
“A positive example is Alexandra Hospital’s Chief Executive Officer. He 
is personally involved in the Six Sigma initiative and this has proved to be 
a motivating factor for his staff. (Source: PS21 website)” 
Strategic alignment of projects is the next CSF followed by cultural change, which is 
required to support the Six Sigma movement in the organization.  The documentation 
does not provide much information about how strategic alignment of projects was made. 
As for cultural change, in 2000, Singapore government initiated Six Sigma 
implementation for public service organizations. The initiative started with visits in 
companies and public services in different countries specifically, the US and the UK. 
Sharing sessions were also involved, where industry leaders gave talk to Singapore public 
service organizations about Six Sigma implementation.   
Following, the experiences from visits and sharing sessions, initial team leaders were 
identified from the public service organizations which volunteered for Six Sigma 
implementation. The initialization team comprised members such as senior champions, 
deployment champions, project champions, and so on. Further to this, roles and 
responsibilities for each member of the initialization team were also decided. The 
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members of the initialization team were then tasked to identify members for BB and GB 
training from their respective organizations. So, in case of public service organizations in 
Singapore, the government initiated cultural change by identifying top members from the 
organizations and involved them in company visits, sharing sessions and Six Sigma 
training. Then it was to the top management of the respective organizations to propagate 
Six Sigma culture in their own organization by means of company visits, sharing sessions 
and extensive Six Sigma training for black and green belt for their organizational staff 
members. Some of the other CSFs as observed from the data are: 
• Adequate support and recognition 
• Systematic progress review 
• Regular communication of successes 
• Availability of relevant data 
• Proper project definition 
• Persistent focus on delivery and quality project leadership  
Examination of the data revealed time which involves mainly cycle time, turnaround 
time, and waiting time as most important of CTQ. The other CTQs are mainly related to 
transaction errors such as billing errors and cost. The CTQs observed from different 
projects done by the public agencies are mentioned in check list matrix below (refer 
Table 7.3).  
Table 7.3: CTQs in the projects 
Organization CTQs 
SERV1 Cycle time 
SERV2 Application processing time, Cycle time, Percentage rate of 
qualification for Economic Restructuring Shares,  
SERV3 Diabetic retinal photography rate, Waiting time, Service time, 
Document tracing time, Patient percentage visiting the same doctor 
each time 
SERV4 Billing errors, Waiting time, Errors in patient entry, Discharge time 
SERV5 Delivery time 
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SERV6 Waiting time 
SERV7 Cycle time, Engine start defects 
SERV8 Waiting time 
SERV9 Turnaround time 
SERV10 Cycle time, Turnaround time 
SERV11 Transaction errors, Billing errors 
SERV12 Downtime of network, Downtime due to nuisance tripping 
SERV13 Chlorine dosage 
SERV14 Electricity cost 
The analysis also shows that time more specifically waiting time, turnaround time, and 
cycle time is major CTQ for services which have more customer contact as observed 
from public agencies such as healthcare. Minimizing errors in transactions e.g. patient 
records, billing, assessment consistency as CTQ is common across public agencies, and is 
important in order to improve customer confidence. 
In case of usage of tools and techniques, the findings are somewhat consistent across the 
projects completed by different public agencies. Summary of tools and techniques used at 
different phases of DMAIC from the projects is tabulated (refer Table 7.4) below. 
Table 7.4: Tools and techniques used in the projects 
Organization Tools and Techniques  
SERV1 Project charter (D), Process map (D), Process capability analysis (D,I), 
Root cause analysis (M), Fishbone diagram (M), Pareto chart (M), 
Control charts (C) 
SERV2 SIPOC (D), Gantt chart (D), Process map (D), Project charter (D,M), 
Box Cox transformation (M), Descriptive statistics (M,C), Probability 
plot (M,C), Process capability analysis (M,C), Cause and effect 
diagram (A), Brainstorming (A), Force field analysis (I), Histogram (C) 
SERV3 Project charter (D), Work flow diagram (D), Flowchart (D), VOC (D), 
VOB (D), Process mapping (D,M), Fishbone diagram (D,M), Pareto 
chart (M), Histogram (M), Regression analysis (A), ANOVA (A), t-test 
(A), Descriptive statistics (A,I), Box plot (A,I), Process capability 
analysis (I), Control charts (C), SIPOC, Pie chart, COPQ 
SERV4 Project charter (D), Process mapping (D,M), SIPOC (M), Fishbone 
diagram (M,A), Probability plot (M,A), Pie chart (M,A), Pareto chart 
(M,I), Process capability analysis (M,A,I), Descriptive statistics 
(M,A,I), Percentile analysis (A), Hypothesis testing (C), Variance 
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testing (C),  
SERV5 Fishbone diagram (D), Force field analysis (D), Descriptive statistics 
(M), Pareto chart (A), Box plot (A), Hypothesis testing (A), ANOVA 
(A), Regression (A), Idea generation (I), I-MR chart (C) 
SERV6 Project charter (D), Process capability analysis (D,M), Process map 
(M), Fishbone diagram (M), Control impact matrix (M), Hypothesis 
testing (A), Box plot (A) 
SERV7 Project charter (D), VOC (D), VOB (D), SIPOC (M), Process map (M), 
Hypothesis testing (M), Regression (M), Pareto chart (M,A), Cause and 
effect diagram (M,A), Box plot (A), Descriptive statistics (A), 
Brainstorming (I), Decision matrix (I), Control chart (C)  
SERV8 Project charter (D), Process map (D), Fishbone diagram (M), Pie chart 
(M), Descriptive statistics (M,I), Box plot (A), Pareto chart (A), Time 
series analysis (A), t-test (A), F-test (A), Control chart (I), Six Sigma 
calculation (I)  
SERV9 Project charter (D), Process capability (D,A), SIPOC (M), Fishbone 
diagram (M), Process mapping (M), Impact matrix (M), Hypothesis 
testing (M,A), COPQ (M,C), Time series analysis (A), Descriptive 
statistics (A), Pareto chart (A), Box plot (A), ANOVA (A), F-test (A), 
Pie chart (A), Brainstorming(I) 
SERV10 Project charter (D), COPQ (D), IMR chart (C), Sample test (C), 
Hypothesis testing (C) 
SERV11 Customer survey (D), Fishbone diagram, Process capability analysis 
SERV12 Project charter (D), Pareto chart (D,A), Cause and effect diagram (A), 
Pie chart (A), Time series analysis (A), Box plot (A), Hypothesis 
testing (A), SIPOC (A), Descriptive statistics (A), Brainstorming (A,I), 
Regression (I), Pugh matrix (I), AHP (I), Process map 
SERV13 Project charter (D), VOC (D), VOB (D), Process mapping (D,M), 
Cause and effect diagram (M), Time series analysis (A), Regression 
analysis (A), Histogram (A,I), Process capability analysis (A,I),     t-test 
(I), Box plot  (I), Control chart (I,C), Descriptive statistics 
SERV14 Pareto chart, Fishbone diagram, Hypothesis testing 
Closer analysis of the data reveals that tools and techniques can be segregated based on 
their frequency of usage, i.e., high, medium, low. Figure 7.3 shows that project charter, 
process map, process capability analysis, Pareto chart, cause and effect diagram, 
hypothesis testing, box plot, and descriptive statistics fall into the category of most 
frequently used, i.e., these tools and techniques are common across projects of different 
public agencies. There are some such as ANOVA, brainstorming, control charts, 
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histogram, SIPOC, pie chart, probability plot, regression analysis, time series analysis, 
etc. which falls into medium frequency of usage. Whereas COPQ, flowchart, t-test, VOB, 
VOC, etc. are less frequently used, i.e., they are specific to individual public agencies. 
Another observation is the usage of tools such as gage repeatability and reproducibility, 
measurement system analysis, and hypothesis testing in the projects. The reason behind is 
the similar nature of some projects with that of manufacturing.  
 
Figure 7.3: Commonly used tools and techniques in public service projects 
Analysis on tools and techniques usage also shows that some are specific to a particular 
phase of DMAIC whereas some are used in more than one phase. Descriptive statistics, 
Pareto chart, process capability analysis, cause and effect diagram, are examples of tools 
and techniques (refer Table 7.5) that fall into the category of high or medium frequency 
usage. Whereas STTs such as project charter and control chart are specific to certain 
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phase. These findings will help in narrowing down to specific STTs as per the phases of 
DMAIC methodology, for service organizations. 
The data sources do not discuss much about KPIs. There is only mention about financial 
benefit as performance metric. Overall, the analysis of data suggests the existence of 
CSFs, CTQs, and STTs except KPIs.   
7.2.1.2.1 Findings 
The analysis of Six Sigma in Public Service in Singapore suggests the importance of 
success factors, CTQs, and STTs and thus confirms with the findings from literature. The 
information collected through various documentary evidences are analysed and the 
findings are tabulated below (refer Table 7.5). 
Table 7.5: Summary of findings: Public service organizations 
CSFs Top management commitment, Projects aligned to the strategic goals of the 
organization, Cultural change 
CTQs Time, Cost, Transaction errors 
STTs Project charter, Process capability, Process map, VOC, VOB – (define) 
Process map, Fishbone diagram, Descriptive statistics, Pareto chart, Process 
capability – (measure) 
Descriptive statistics, Cause and effect diagram, FMEA, ANOVA, Box plot, 
Time series analysis, Hypothesis testing – (analyze) 
Brainstorming, Decision matrix, 5 Why analysis – (improve) 
Control chart – (control) 
Analysis of the data source provides additional findings related to the practical problems 
faced by the organizations for implementing as well as sustaining the Six Sigma program. 
Some of the problems identified are: projects not well defined, difficulty in attaching 
incentives to the successfully completed Six Sigma projects, extension of project 
timeline, and projects not aligned to strategic objectives of organization.  




The primary aim of this study was to explore success factors which initiate Six Sigma 
implementation, the process of Six Sigma implementation through proper identification 
of CTQs, tools and techniques, and the performance indicators which display the 
improvements due to Six Sigma. Our results identify the existence of CSFs, CTQs, and 
STTs but feels rethinking is required in case of KPIs. In the following section we will 
discuss the contributions from the present study and limitations. 
7.2.1.3.1 Implications 
Using the case study approach with data coming from documentary evidences, we started 
with CSFs, CTQs, STTs, and KPIs; looked into the Six Sigma journey of Public Service 
organizations in Singapore through variety of documents, and found that except KPIs, the 
constructs are consistent with the literature. This study is not about how Six Sigma is 
implemented but is an analysis of its implementation in service organizations. The 
findings of the study provide an understanding of the different aspects of Six Sigma 
implementation, which can further help in extending its application to different service 
organizations.  
Our study supports the idea that management support is the most important of success 
factors and it is important not only for initiating Six Sigma but is required also for 
sustaining it in long-term. The findings also suggest that cultural change and linking Six 
Sigma to organization’s objectives are important success factors in implementation of Six 
Sigma. In case of CTQs, time was found as the most important of process parameter to 
improve, followed by cost and transaction errors.  
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The findings on application of tools and techniques at different phases of DMAIC 
suggest uniformity in their usage across different projects. The reasons for this 
uniformity, as observed from data suggests; similar nature of projects (improvement in 
time, cost or quality) and familiarity of BBs with certain cluster of tools because they 
were trained by same external consultants.  This is an important finding, as it can be 
extended to other service organizations to see the applicability of same tools and 
techniques for similar nature of projects. This will also help in defining uniform STTs for 
Six Sigma implementation for different service organizations. 
One of the significant implications from the finding is the extension of theoretical 
framework to practical application. The constructs of CSFs, CTQs, and STTs can act as 
guideline for the managers while implementing Six Sigma. The study involves different 
public agencies which represent various service sectors such as healthcare, finance, 
transportation, utilities, construction and related engineering services etc. This helps in 
preparing the sets of success factors, process parameters, and tools and techniques for 
wider applicability of the framework. Public Service in Singapore is in its third phase, 
i.e., in seventh year of Six Sigma implementation, is looking forward to training more 
people and doing more projects. Since, Public Service in Singapore involves agencies 
representing different service sectors; this is an encouraging finding, as it shows wider 
applicability and long-term sustainability of Six Sigma in service organizations.  
The study also helps in understanding the practical problems faced in service 
organizations during Six Sigma implementation. One is the extension of the project 
beyond the stipulated timeline resulting in stretching of resources. The reasons can be ill-
defined project objective or lack of full-time team members for the project. Another 
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problem is incurring extra cost in involving BBs for projects which can be easily 
managed by GBs. 
Overall, this study helps in understanding and gaining knowledge on different aspects of 
Six Sigma implementation. The study provides a fresh outlook from existing literatures 
focused with studies mainly on healthcare and finance.   
7.2.1.3.2 Limitations 
The work has the inherent limitations of a case study using documentary evidences. In 
order to overcome the limitations we collected data using multiple sources such as 
archival records, interviews, etc. involving one or more public agencies. Further case 
studies involving different sources of data collection will help in replicating the findings, 
thus increasing external validity. 
7.2.2 Case Study 1 (SERV 15) 
7.2.2.1 Six Sigma at Starwood hotels and resorts (SWHR)♦ 
Starwood became the first major player in the hospitality industry to adopt Six Sigma, a 
regimen of statistical and procedural tools and techniques that fosters quality and 
productivity. Till date, the organization has successfully executed hundreds of Six Sigma 
projects in areas involving productivity, menu redesign, resort concierge, email 
marketing, and sales. The purpose in implementing Six Sigma, according to Regional 
Vice President for New England Operations, SWHR is: 
“Six Sigma gives us the tools to eliminate variation and improve 
efficiency. It has strong record in manufacturing productivity, perhaps 
most visibly at General Electric. It’s also extremely adaptable; since its 
                                                            
♦
 A paper on this case study is published in ASQ Six Sigma Forum Magazine, vol. 9 no. 1, 2009. 
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introduction at SWHR, we’ve refined it dramatically to reflect our focus 
on service quality and satisfying VOC.” 
The Six Sigma journey (refer Figure 7.4) started with a planning to train approximately 
450 Starwood associates in specialist roles. The reason behind training these specialists 
was to develop a human network which would link up to share good ideas across all 
properties and get them implemented. As of 2005, the organization has trained over 300 
employees as Black Belts (BBs) and more than 2700 as Green Belts (GBs).  
Each Starwood property has a Six Sigma council consisting of engineering, technology, 
and management personnel and key department heads. The role of the council is to 
brainstorm ideas that can be converted into various projects. Using this type of lean 
structure and encouraging lateral team involvement, Starwood is able to generate new 
projects to its hotels every two weeks. Following implementation each solution is 
followed-up for 12 to 18 months to ensure the change sticks and the impact is significant, 
consistent and permanent. Since the inception of Six Sigma, Starwood has completed 
several projects throughout its branches spread across the world and are still sustaining it. 
 




Figure 7.4: Six Sigma journey at Starwood6 
Some of the projects completed by Starwood in its Six Sigma journey are: 
• Green room program – hotels faced rising costs associated with laundering of 
linens and towels; rising trend in consumer concern over environmental issues 
• Increase sales lead conversion – sales managers not able to identify regional 
options for group booking leads 
                                                            
6
 Shiau, Y. (2005), “Measuring benefits of Six Sigma at Starwood”, Six Sigma Conference: Service and 
Transactional Environments, Scottsdale: AZ 
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Sigma involvement in 
major projects 
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different pace in 
different parts of the 
organization 
• Post Sept 11, Six Sigma associated with cost 
cutting       
• Six Sigma perceived as separate group 
• Benefit calculation approach not well defined 
• Projects with limited transferability 
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• Reduce room assignment defects – high guest complaints due to room assignment 
issues 
• Implementation of an automated customer interaction recording and evaluation 
solution – to help with calibration from center to center and drive performance 
improvement 
• Reduction in accident rates – workplace safety effort 
• Unwind – evening activities, including massage services, designed to draw guests 
to the lobby to meet and mingle 
Starwood has run over 3000 projects worldwide to date in different areas and because of 
the efforts, one of its resorts Westin Turnberry Resort won the IQPC’s 5th Annual 
European Six Sigma Summit in London in 20047. It won the European award in the 
category Design for Six Sigma for a reservation project. Another one Sheraton Miramar 
Resort had the highest overall performance in 2004 and was recognized as the hotel of 
the year in East Africa and Middle East Region. 
7.2.2.2 Data analysis 
The text data from various documents is analyzed to find evidences on CSFs, CTQs, 
STTs, and KPIs. Initial analysis showed that the documentary evidences do not provide 
much information about STTs and KPIs. Further analysis also revealed that the 
documents mainly talk about CSFs with a few of them focusing on CTQs.  
In case of CSFs, there is only mention of top management commitment as evidenced by: 
“Sternlicht (CEO, Starwood)…….., ………..and bought the Six Sigma 
process improvement program (made famous by General Electric CEO 
                                                            
7
 www.expresshospitality.com/20051130/hospitalitylife01.shtml 
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Jack Welch) to Starwood, where it will be implemented right away in the 
convention services department of its major meetings properties.” 
The CEO also appointed a former GE executive as Executive Vice President, Six Sigma, 
for Starwood having global responsibility for executing the strategy, designing the tools, 
and overseeing the implementation of Starwood’s Six Sigma initiative. Thus, the initial 
thrust for Six Sigma is provided by top management followed by training of BBs and 
GBs by external consultants. 
It is observed from the available evidences that there are several areas or processes in 
Starwood, where Six Sigma projects are done for improvement. These areas or processes 
(refer Table 7.6) provides information about the CTQs considered during Six Sigma 
implementation.  
Table 7.6: Areas or processes where Six Sigma is applied 
Front office Operations/Sales and 
Marketing 
• Reduce waiting time during peak 
check-in time 
• Reduce waiting time during peak 
check-out time 
• Eliminate billing errors and improve 
accuracy 
• Reduce no shows 
• Increase occupancy 
• Optimal utilization of the current 
product mix (rooms) to increase 
revenue 
• Increase customer delight at the 
Executive Club 
• Reduce/eliminate lost calls  
• Accuracy of information 
Human Resources/Personnel 
• Accuracy of payroll 
• Documentation management 
• Reduce the turnaround time of 
Food and Beverage Service/Production 
• To maintain optimal inventory 
• Minimise wastage/pilferage 
• Standardized output of food and 
beverage 
• Reduce the time from order to service 
• Optimal utilization of current product   
mix (F&B/Outlets) to increase revenue 
Accommodation Operation 
(Housekeeping) 
• Reduce the turnaround time of 
making/turning down a room 
• Standardization of cleanliness across 
areas 
Purchase/Stores 
• Reduce inventory surplus 
• Cost benefit analysis between cost of 
inventory and cost of storage of 
products where prices vary seasonally 
• Standardize the operating procedure of 
issuance to various departments 




• Reduce the turnaround time of 
relieving 
• Increase the employee satisfaction rate 
• Reduce the turnaround time of issuance 
to various departments 
As can be noted from the above table, there is a common CTQ, time (waiting time and 
turnaround time) across different areas or processes. There are some CTQs specific to 
particular area or process such as billing errors, occupancy rate, etc. The analysis also 
shows that some of the CTQs related to inventory reduction, wastage/pilferage have 
similarities with those of manufacturing. Thus, it suggests that service organizations can 
also have some projects of similar in nature to manufacturing. 
7.2.2.2.1 Findings 
The findings for this study are based on limited documentary evidences collected from 
various sources. The available documents mainly discuss about CSFs and CTQs with no 
discussion on STTs and KPIs. The information collected is analysed and the findings are 
tabulated below (refer Table 7.7). 
Table 7.7: Summary of findings: Starwood Hotels and Resorts 
CSFs Top management commitment 
CTQs Time (Waiting time, Turnaround time), Billing errors, Occupancy rate 
Though the analysis does not provide information on STTs and KPIs, but it presents 
some useful additional findings. The first is about creativity and Six Sigma. The 
literatures on Six Sigma mention that it can mainly serve as a prescription for 
conformance rather than being a formula for creativity, breakthrough or entrepreneurship 
(Goh, 2002). This study shows that Six Sigma can be a source of innovation as evidenced 
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from the success of Starwood in developing profitable new programs for guests8. One 
such example is project Unwind where the team members involved in a brainstorm, came 
up with an innovative idea of providing complimentary massage for guests and thus 
drawing them to the lobby to meet and mingle. This effort saw a jump in their revenue for 
massage service by 30%. Another example is the concept of Star Meeting Concierge 
which is the result of a Six Sigma project. Using customer and Starwood associate 
feedback it became clear Starwood’s hotels needed to offer such a service and this 
encouraged the company to review the whole meetings offering and processes from 
booking to delivery.  
The next finding is about limited publication of Six Sigma success stories in services. 
This is evidenced while searching documents for Six Sigma implementation in Starwood. 
Though Starwood is the largest hotel and leisure industry in the world and also the only 
one in the business to implement and sustain Six Sigma, but there is no published article 
about it in scholarly journals. Looking into some of the popular databases such as ISI 
Web of Science, ABI/Inform, Business Source Premier resulted in a very few number of 
articles from magazines, trade publications, and newspapers (refer Table 7.8). The 
maximum number of articles observed on Starwood is 10, which is from ABI/Inform. 





                                                            
8
 Ante, S.E. (2007), “Six Sigma kick-starts Starwood”, Business Week, Aug 
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Table 7.8: Number of articles on Six Sigma at SWHR in different sources 
               Database 
Source 
ABI/Inform Web of Science Business Source 
Premier 
Magazines 2 Nil 2 
Trade Publications 5 Nil 3 
Newspapers 3 Nil Nil 
 
7.2.2.3 Discussion 
The primary aim of this study was to explore success factors which initiate Six Sigma 
implementation, identification of critical-to-quality characteristics, tools and techniques, 
and the performance indicators which display the improvements due to Six Sigma. This 
study provides information on CSFs and CTQs but is limited about STTs and KPIs. In the 
following section we will discuss the contributions from the present study and 
limitations. 
7.2.2.3.1 Implications 
Using the case study approach with data coming from documentary evidences, we started 
with CSFs, CTQs, STTs, and KPIs; looked into the Six Sigma journey of Starwood 
through variety of documents, and found that documents do not provide any information 
about STTs and KPIs.  
The study shows that top management commitment is an important CSF in Six Sigma 
implementation and it is explicitly mentioned in almost all the collected documentary 
sources. Time is one of the most important CTQs, while there are some others such as 
billing errors and occupancy rate.  
Overall the study helps in identifying CSFs and CTQs which can act as a guide for other 
organizations doing Six Sigma implementation. The study also shows that Six Sigma can 
encourage innovation which is an important aspect since it will allow organizations to 
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promote a culture of creativity to take advantage from Six Sigma projects. Lastly, limited 
scholarly articles on Six Sigma implementation in service organizations is a cause of 
concern when several high profile service organizations such as Starwood is reaping the 
benefits. There is a need for academic perspective on Six Sigma case studies in service 
organizations to encourage its implementation and providing visibility in a similar 
manner as General Electric has done in 1990s to spread Six Sigma in manufacturing and 
to some service organizations. 
7.2.2.3.2 Limitations 
The work has the inherent limitations of a case study using documentary evidences. The 
limited availability of documentary evidences in public domain restricted detailed 
analysis of Six Sigma implementation. The study was able to focus only on CSFs and 
CTQs on the basis of the information available.  
7.2.3 Case Study 2 (SERV 16)♥ 
7.2.3.1 Six Sigma at the hospital 
The hospital embarked on the Six Sigma journey with the help of strong leadership from 
the CEO. Impressed by the benefits that Six Sigma could bring and being convinced that 
this quality initiative could bring the hospital to an even higher level of quality, he 
decided to implement Six Sigma.  The objective for implementing Six Sigma is to 
provide patient-centered quality healthcare that is accessible and seamless, 
comprehensive, appropriate, and cost effective9. 
                                                            
♥
 Case study 2, 3 and 4 are published in the proceedings of 5th International Conference on Service Systems 
and Service Management, Jun 30 – Jul 2, 2008, Melbourne, Australia. 
9
 Ministry of Finance – Press Statement (2002) 
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In the initial days of Six Sigma implementation the hospital was fortunate to have been 
handheld by GE Medical Systems. The implementation process started with Black Belt 
(BB) and Green Belt (GB) training for the employees of the hospital. External consultants 
helped in the training for BBs and GBs. The training approach was to do as you learn, i.e. 
engaging the staff in the projects along with GB training. Improving patient turnaround 
time at the Specialist Outpatient Clinic was one of the first projects to be completed as a 
Six Sigma initiative. Since then the hospital has completed in between 20 to 30 projects 
with almost 100 percent success rate. Some of the completed projects are tabulated below 
(refer Table 7.9). 
Table 7.9: Six Sigma projects at the Hospital 
S. No. Project Title Start Date End Date 
P1 To improve in-patient admission turnaround time 
at the Department of Emergency Medicine (DEM) 
Jul, 2001 Dec, 2001 
P2 To reduce turnaround time for stat laboratory 
results from Specialist Outpatient Clinic (SOC) 
Jul, 2003 Jan, 2004 
P3 To improve appointment lead-time for SOC Aug, 2003 Jan, 2004 
P4 To reduce waiting time and turnaround time for 
emergency patients 
Oct, 2003 Apr, 2004 
P5 Fewer lost calls, more happy customers at Dental 
Clinic  
Nov, 2004 Oct, 2005 
P6 To reduce door-to-reperfusion therapy time for 
STEMI (ST-Elevation Myocardial Infarction) 
Mar, 2007 Apr, 2007 
P7 To improve the conversion process at DEM  May, 2007 Oct, 2007 
P8 To reduce the procedure turnaround time in DEM May, 2007 Oct, 2007 
P9 To improve Accident & Emergency (Walk in) 
patient cycle time 
- - 
The implementation of Six Sigma at the hospital has been a success except for one 
project. In the case of individual departments, for Department of Emergency Medicine the 
success rate is 100 percent. Projects are selected on the basis of their impact to the 
organization, effect on bottom line results, and the impact on staffs and customers but its 
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success depends on proper support from management and the team members involved in 
a project. The systematic approach of Six Sigma is also a reason behind its success and is 
evidenced from a response by one of the participants: 
“Six Sigma is not a tool, it is a culture. It compels us to look at facts based 
on data. No one can articulate as clearly as Six Sigma. It is a very 
systematic approach.” 
The focus of this study was to identify essential ingredients for Six Sigma 
implementation. This involves identification of CSFs, CTQs, STTs, and KPIs. 
7.2.3.2 Data analysis 
In the data analysis, we looked at our text data which include the transcripts from 6 
interviews, articles from various sources, presentations, and project reports. In particular 
we searched for CSFs, CTQs, STTs, and KPIs. The initial analysis suggested the 
existence of three out of these four constructs from the data.  
We found strong evidence of management support as a CSF in all of our data sources, i.e. 
it was clearly mentioned in the interviews, observations, and archival sources. In case of 
the hospital there was strong support from top management, which was mentioned by the 
informants during interviews and also can be found from archival data. The support and 
initiation by CEO on Six Sigma was also mentioned in informal interactions with the 
team members. In case of CSF, support of team members was the next one as observed 
from the interviews but its evidence was not found in other sources of data. Support of 
team members includes both internal members and members who were involved to 
support data collection. The third CSF is cultural change which was mentioned by 
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informants who are at higher management level during interview session and its evidence 
was also observed in archival data source.  
Examination of the data revealed time as the most important of CTQ and is consistent 
throughout different sources of data. On close analysis of data it was found that more 
specific CTQs actually are turnaround time and waiting time. The analysis also provides 
some other CTQs but they are not common across different data sources. In case of usage 
of tools and techniques at different stages, the findings are somewhat consistent across 
data sources. Though on closer analysis, it appeared that there is variation on tools and 
techniques usage within the data source. For example, the interview transcripts mention 
of difference in tools and techniques usage at different stages by the two BBs. We infer 
this difference because of the familiarity and ease of an individual with particular tools 
usage, even though they have the knowledge of all tools. Another observation is 
consistency in tools and techniques usage across different projects. The reason can be the 
nature of projects done in the organization, as all are related to improvement in time 
(turnaround time, waiting time, and cycle time).  
During the interview sessions, customer satisfaction and timely delivery is mentioned as 
KPIs. Other data sources do not mention about KPIs. We feel that since KPIs were 
explicitly asked in questionnaire so its existence is observed during interview sessions.  
Thus the analysis suggests that there is a need to relook on KPIs and understand its 
interpretation. The other three CSFs, CTQ, and STTs are observed in different data 
sources and confirm to the findings from literature.  
The check list matrix to assess the supporting conditions prior to executing a Six Sigma 
project in the hospital is provided in Table 7.10.    
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Table 7.10: Checklist matrix: Conditions supporting preparedness for Six Sigma projects 
at the Hospital 




Strong commitment from 
top management initially 
 
Change in top management 
resulted in limited 
commitment 
Strong commitment from 
respective department heads 
Education and training Black belt training  Green belt training for 
initial cadres in 2000 
Recent projects do not 
involve prior training. It is 
learn while you work based 
approach. 
Support of team members Strong support of team 
members. They are the 
persons involved in actual 
data collection 
Strong support among team 
members 
Skills Skilled – undergone black 
belt training 
Skilled – undergone green 
belt training 
No skills in Six Sigma tools 
and techniques for those 
with the approach of learn 
by work 
Relevant prior experience Experienced with Six 
Sigma projects or other 
quality initiatives 
No experience in Six Sigma 
projects  
Limited experience in other 
quality initiatives 
Support of other staff 
members of the 
organization 
Not available Limited support – requires 
repeated request  
The above table provides some useful information which helped us in understanding the 
difficulties faced by the organization during Six Sigma implementation. The Six Sigma 
initiative started in 2000 but as the time progressed and with change in top management 
the approach to Six Sigma also changed. Initially, on Singapore governments initiation 
and also encouraged by the top management of the organization, staff members were 
trained as black belts as well as green belts. This trained staffs were then involved in 
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most of the six Sigma projects. As we got involved in their current project we found that, 
Department of Emergency Medicine is the only department currently involved in Six 
Sigma projects. The approach of providing green belt training prior to Six Sigma project 
has also changed and now the approach is more towards learning through work on the 
project.   
The four staff nurses who were involved in the project also do not have much prior 
experience in other quality initiatives they faced much problems while doing the Six 
Sigma project. They have limited knowledge about the tools and techniques used in Six 
Sigma implementation. But as one of the staff nurses puts it “knowing and understanding 
is totally different thing”; this showed that there is a lack of understanding about Six 
Sigma on their part. We feel that prior education and training is very important for team 
members involved in Six Sigma projects.  
As can be seen from, the checklist matrix that, Six Sigma project team members faced 
lack of support from other employees in the organization. The team members felt that 
support of the employees in the organization is also vital for the project to succeed. The 
following quote from another staff nurse helps us in understanding the importance. 
“success of the project depends on our colleagues also…… project 
involves a survey, for this survey all our staffs have to help us out, they 
have to understand the survey form and give us accurate information to 
analyze” 
In order to understand the problems faced by the team members in a better manner, we 
feel that a context chart (Miles and Huberman, 1984) will be helpful. This chart (refer 
Figure 7.5) will assist in understanding the interrelationships among the roles of different 
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members involved in a Six Sigma project. This chart is specific to the two current 
projects related to Department of Emergency Medicine (DEM) where I was involved.  
Looking at the lines of authority, we can see that Director, Human Resource (HR) has 
direct authority over department head as they work on Six Sigma implementation. The 
person is not only an advocate but also has high influence over implementation. The 
department head on the other hand is also an advocate of Six Sigma implementation and 
seems to have a license from the Director to do this. Because of the department head’s 
involvement, it is the only department in the hospital to still carry on Six Sigma projects.  
The staff nurses who were involved in the project are rather ambivalent towards Six 
Sigma implementation. Given, no prior training in Six Sigma and learning through their 
first project their attitude towards Six Sigma is understandable. As one of the staff nurses 
mentioned during interview “interested in the project to learn about Six Sigma”. 
The relation between staff nurses and other staff members is negative because of the 
problems faced during data collection. This negative relation is only related to the Six 
Sigma project but overall the staff nurses have positive attitude towards other staff 
members. This shows that Six Sigma awareness have to spread beyond the members of 
the project to ensure an overall success to the implementation process.   
 




Figure 7.5: Context chart for Six Sigma projects at DEM 
In addition to the data analysis above we also provide some salient points from my 
observation from weekly visits to the organization during the projects. 
Participant Observation: I was involved in two of their ongoing Six Sigma projects and 
did the data analysis as a team member of the projects. I also conducted a one day 
Legend                                   + ± 0 within boxes: attitude towards Six Sigma 
+ ± - between boxes: character of the relationship 
*       high influence over Six Sigma implementation 
 
             Six Sigma advocate or champion  
 
- 
Other Staff Members of Department of Emergency Medicine not involved in the project 
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workshop, to familiarize other team members about some of the tools and techniques 
used in Six Sigma implementation. 
• Only the project leader was trained in Six Sigma and was a Black Belt. The other 
members who were staff nurses did not have any idea about Six Sigma and was 
doing this type of quality improvement project for the first time.  
• The staff nurses were doing this project part time and because of their shift duties 
there was at least 50% absentees in all the Six Sigma project related meetings. 
• The staff nurses were also not comfortable with the application of tools and 
techniques because of their lack of understanding. 
• The nurses also faced much problem during data collection as the data is to be 
collected by using a survey form and required help from other staffs in the hospital. 
Since, these staffs are already busy in their daily work so they showed little interest 
in assisting the Six Sigma project team members towards data collection. This 
shows organization wide awareness is important for Six Sigma implementation. 
• As for the Black belt level, the problem is convincing fellow Doctors and Surgeons 
about the need for process improvement. Because they are not willing to change 
their way of working as they felt that is best and there is no need to improve.  
The analysis of data highlighted some of the practical difficulties faced by the 
organization. This includes part-time involvement of team leader and team members in 
Six Sigma projects, involving and convincing senior doctors and surgeons about the 
importance of Six Sigma, and lack of support from the staff members who are not 
involved in the project. 




The analysis of Six Sigma implementation in the hospital suggests the importance of 
success factors, CTQ, and STTs and thus confirms with the findings from literature. The 
information collected through interviews, personal observations, and documentary 
evidences are analysed and the findings are tabulated (refer Table 7.11) below: 
Table 7.11: Summary of findings: Hospital 
 Interviews Observations Documentation 
CSFs Management support, 
Cultural change, Support 





CTQs Time (service time, 
waiting time, cycle time, 
turnaround time), 
Employee behaviour, 












Project charter, VOC 
analysis, CTQ Definition, 
Process map, Flow chart 
Measure 
Pareto diagram, Process 
Six Sigma calculation 
Analyze 
Cause and effect diagram, 
Brainstorming, Process 
map, Flow chart, Data 














Cause and effect 
diagram, Process 
map, Flow chart 
 
Define 
Project charter, Process 
map, Flow chart, 




Run chart, Process 
capability 
Analyze 
Cause and effect 








The primary aim of this study was to explore success factors which led to the Six Sigma 
initiative, the process of Six Sigma implementation through proper identification of 
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critical-to-quality (CTQ) characteristics, tools and techniques, and the performance 
indicators which display the improvements due to Six Sigma. Our results identify 
different CSFs, CTQ, and STTs which influence Six Sigma implementation. In the 
following section we will discuss the contributions from the present study and 
limitations. 
7.2.3.3.1 Implications 
Using the grounded theory approach proposed by Glaser and Strauss (1967), we started 
with CSFs, CTQ, STTs, and KPIs, looked into the Six Sigma journey of the hospital 
through various data sources, and found that they are consistent with the literature. The 
study supports the idea that management support is the most important of success factors 
and it is not important only for initiating Six Sigma but is required at every phase of Six 
Sigma implementation. The findings also suggest that support of team members is an 
important success factors while doing the Six Sigma projects. In case of CTQ, time was 
found as the most important of process parameter to improve, and customer satisfaction 
and timely delivery as most important KPIs.  
The findings on application of tools and techniques at different phases of DMAIC 
suggest uniformity in their usage across different projects. The reasons for this 
uniformity, as observed from data suggests; similar nature of projects (improvement in 
time), the familiarity of BBs with certain cluster of tools or convenience to use these 
tools.   
The discussion with the informants suggests that improvement through Six Sigma can be 
extended to more specific problems such as improving clinical outcome (e.g. sedation for 
procedure, sepsis protocol), which is specific to healthcare organizations. This is an 
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encouraging finding as it shows wider applicability of Six Sigma in service organizations 
with projects not limited to solving just generic problems but complex technical problems 
specific to particular organization.  
The study also helps in understanding the practical problems faced in service 
organizations during Six Sigma implementation. First, unlike manufacturing, in services 
there are no full-time BBs. They are also responsible for day-to-day work of the 
organization. This is also applicable for the team members who are involved in the 
project. Second is related to convincing the experienced professional peers of the 
advantages in changing the process of doing a particular work. This is one of the major 
obstacles faced while initiating Six Sigma projects. Lastly, it is sometimes difficult to get 
the support from staffs not involved in the project, but their involvement is required for 
the purpose of collecting data.   
7.2.3.3.2 Limitations 
The work has the inherent limitations of a case study. As much of the data collected is 
retrospective, based on recollection of past events, thus it is subjected to problems 
inherent to memory. Though, this limitation was tried to overcome by combining 
retrospective and longitudinal study to enhance construct, external, and internal validity 
(Barton, 1990). 
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7.2.4 Case Study 3 (SERV17) 
7.2.4.1 Six Sigma at the construction and related engineering service 
organization 
The organization embarked on the Six Sigma journey with the help of strong leadership 
from the Chief Executive Officer (CEO) and support from Government. As mentioned by 
the Senior Development Officer (SDO):  
“CEO was one of the kin supporters for Six Sigma in 2004. He actually 
pushed this program. Also, because of the support from PS21, Singapore 
government’s public service office.” 
Impressed by the benefits that Six Sigma could bring and being convinced that this 
quality initiative could bring the organization to an even higher level of quality, he 
decided to implement Six Sigma.  The objective for implementing Six Sigma is to 
improve not only its own internal processes but also to work closely with industry 
partners to improve on their key processes and services10. 
The implementation process started with briefing to top management followed by their 
training through external consultant. The training period was for one day to create 
awareness about Six Sigma.  The top management includes Director, CEO, Deputy CEO, 
Senior Managers, and Managers. Then Black Belt (BB) training was provided to seven 
divisional heads. These divisional heads were then told to identify projects in their 
division and also the members for those projects. The selected members for the projects 
were then given Green Belt (GB) training. External consultants helped in the training for 
champions and BBs, whereas GBs were trained in-house. Initially seven projects were 
identified, out of which two projects were selected for pilot run. Improving CONQUAS 
                                                            
10
 Annual reports from 2003 – 2006 
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assessment consistency and reducing the number of suspensions in TOP/CSC 
applications were the earliest projects to be completed as Six Sigma initiative. Since then 
the organization has completed in between 10 to 20 projects with around 75 to 85 percent 
success rate. Some of the completed projects are shown in Table 7.12. 
Table 7.12: Six Sigma projects at construction and related engineering service 
organization 
S. No. Project Title Start Date End Date 
P1 Reduction of the number of suspensions in 
TOP/CSC applications 
Jun, 2003 Nov, 2003 
P2 Improve CONQUAS assessment consistency Jun, 2003 Feb, 2004 
P3 Improve electronic submission front-end 
services and user friendliness to customers 
Aug, 2004 May, 2006 
P4 Improve reliability of the lift’s automatic rescue 
device performance 
- - 
P5 Reduce water seepage in wet area floors - - 
P6 Improve the typical floor-to-floor cycle time for 
private high-rise residential project 
- - 
The projects are selected on the basis of their ability to link with the organization’s key 
objectives, having substantial savings, and complexity of the problem but its success 
depends on proper support from management and team members, availability of 
resources, and having sufficient time to implement Six Sigma.  
The focus of this study was to identify essential ingredients for Six Sigma 
implementation. This involves identification of CSFs, CTQs, STTs, and KPIs. 
7.2.4.2 Data analysis 
Similar to other studies we found strong evidence of management support as CSF in all 
of our data sources, i.e. it was clearly mentioned in the interviews and archival sources. 
In case of the organization there was strong support from top management, which was 
mentioned by the informants during interviews. In case of other CSFs, support of team 
members was the next one as observed from the interviews but its evidence was not 
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found in other sources of data and cultural change which was mentioned by informants 
during interview session.   
Examination of the data revealed time which includes time to restore and respond to 
customer complaints, and providing timely information to customers as the most 
important of CTQs. The other CTQs being ease of use and assessment consistency, but 
they are not common across different data sources. In case of usage of tools and 
techniques at different phases, the findings are somewhat consistent across data sources. 
On closer analysis, it appeared that there are variations on tools and techniques usage 
among the sources of data. For example, the interview transcripts mention usage of a 
number of tools and techniques at different stages by the two BBs, whereas the evidences 
from documents show usage of lesser number of tools and techniques in projects. Though 
there is consistency in usage of tools and techniques across different projects. We infer 
two reasons behind this difference. One is because of the familiarity and ease of an 
individual with particular tools and techniques usage, as can be observed from the 
response of one of the informant: 
“Project leaders or members use the tools they are more familiar with. 
They won’t use the tools they are not confident with.” 
Second, the involvement of external consultants during the project resulted in applying 
the STTs suggested by them. Another observation is, the usage of tools and techniques 
such as gage repeatability and reproducibility, measurement system analysis, hypothesis 
testing in the projects. The reason behind is the similarity of some projects with that of 
manufacturing projects.  
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In case of KPIs, customer satisfaction and financial benefits are mentioned by the 
participants during interview. The other sources of data do not provide information on 
KPIs. Overall, the analysis of data suggests the existence of CSFs, CTQs, and STTs with 
a need for rethinking on inclusion of KPIs in the framework.  
7.2.4.2.1 Findings 
The analysis of Six Sigma implementation in the organization suggests the importance of 
success factors, CTQs, and STTs with limited knowledge about KPIs. The information 
collected through interviews, and archival sources are analysed and the findings are 
presented in Table 7.13. 
Table 7.13: Summary of findings:  Construction and related engineering service 
organization 
 Interviews Archival Data 
CSFs Management support, Support of team 
members, Cultural change, Availability of 




CTQs Time (service time, waiting time, cycle 
time), Accurate information to customer, 
Timely information to customer, Time to 
restore customer complaints, Time to 
respond to customer complaints 
Turnaround time, Ease of 
use, Assessment consistency 
STTs Define 
Project prioritization, Project charter, SIPOC 
diagram, VOC analysis, CTQ definition, 
Process map/Flow chart 
Measure 
Pareto diagram, Run chart, Process 
capability, Process Six Sigma calculation 
Analyze 
Cause and effect diagram, Brainstorming  
Process map/Flow chart, FMEA , Data 
analysis, Hypothesis testing, Correlation and 
regression 
Improve 
Creative thinking, Force field analysis,           
5 why analysis 
Define 
Project charter, Process 
map/Flow chart 
Measure 





Box plot, Process capability 
analysis, Data analysis 
(descriptive statistics), 
ANOVA, Hypothesis 
testing, FMEA, Cause and 
effect diagram 









KPIs Efficient service, Timely delivery, Customer 
satisfaction, Reduced variation, Financial 
benefits 
 
The analysis of data source provides further revelations about Six Sigma implementation in 
services. These additional findings are related to the practical problems faced by the organization 
for implementing as well as sustaining the Six Sigma program. Some of the problems identified 
are: 
Data collection 
This is one of the most serious problems faced by the organization. In case of 
manufacturing the data is readily available in hundreds or thousands but not so in case of 
services. As the SDO mentioned during the interview session: 
“Biggest hurdle we face for our company is data 
collection…………because in some cases one data is one 
case…………data collection can take years.” 
Insufficient resources 
In manufacturing Six Sigma teams are independent and not associated with day- to-day 
work. But in case of services the team is also responsible for carrying out their day-to-day 
work, i.e. Six Sigma projects are mostly done part-time. As evidenced from the following 
response: 
“We are still holding on our jobs, this is our primary role. Normally we 
have to reach out of our time, i.e. unlike manufacturing where they have 
full-time.”  
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This part-time involvement in Six Sigma projects generally results in stretching the 
resources such as time and manpower. Longer time is also required to see full 
implementation of solution of a Six Sigma project. 
Sustaining Six Sigma 
In case of service organizations identifying projects every year is also very difficult. 
There may be number of projects in initial years but there is gradual decline in projects 
with subsequent years. The reason behind is identification of projects which are 
challenging, complex, and have greater impact to the organization. As one of the 
informant noted: 
“………full blown success of Six Sigma will be good only when there is 
very challenging project.” 
Along with the above mentioned problems there are some others such as deciding upon 
the scope of project, attaching incentives to the successfully completed Six Sigma 
projects, and quantification of savings. In case of public service organizations, it is 
difficult to quantify the savings from projects since they are mostly done to reduce 
customer complaints, i.e. benefits directed towards public.  
7.2.4.3 Discussion 
The primary aim of this study was to explore success factors which led to the Six Sigma 
initiative, the process of Six Sigma implementation through proper identification of 
CTQs and STTs, and the performance indicators which display the improvements due to 
Six Sigma. Our results identify different CSFs, CTQs, and STTs which influence Six 
Sigma implementation. In the following section we will discuss the contributions from 
the present study and limitations. 




We observed that management support is the most important of success factors and it is 
not important only for initiating Six Sigma but also required for allocating or distributing 
time for Six Sigma project team members. The findings also suggest that support of team 
members an important success factor at project level in implementation of Six Sigma. As 
mentioned by the Assistant Director (CDD): 
“………large part of success depends on GBs. As they will be collecting 
data, they have to validate the data………”  
In case of CTQs, time, timely and accurate information to customers, and responding and 
restoring customer complaints are found as the most important of process parameters to 
improve. KPIs are mentioned only in the interviews as it was a part of the questionnaire. 
Other data sources do not mention about it. This finding is consistent with literature 
where very few mention about it explicitly and still less actually provide a definition 
about it. So, there is a need for proper understanding about KPIs in order to judge its 
importance in implementation of Six Sigma. 
In case of the organization, some projects are similar in nature to those of manufacturing. 
The tools and techniques usage for such projects varies from those related to service. The 
manufacturing related projects use the tools and techniques such as gage repeatability and 
reproducibility, hypothesis testing, etc. whereas service related projects use mainly 
descriptive statistics. Uniformity in usage of tools and techniques is also observed across 
projects. This uniformity depends on similar nature of projects, the familiarity and 
convenience of BBs or consultants with usage of certain cluster of tools and techniques.   
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The discussion with the informants also suggests that Six Sigma is relevant to service 
organizations and its success depends on executing really challenging projects. As 
observed from response by the SDO: 
“As long as there are processes, regardless they are manufacturing, retail 
or services it can be used. Of course implementation wise; case by case, 
industry by industry……… ”  
This is an encouraging finding as it shows the belief in practitioners about the wider 
applicability of Six Sigma in service organizations.  
The study also helps in understanding the practical problems faced in service 
organizations during Six Sigma implementation. First is the problem of data collection. It 
is widely believed by the interviewees of our case studies that, in manufacturing the data 
are readily available but for services gathering data is time consuming. In certain cases 
data collection can take years. Second, unlike manufacturing, in services there are no full-
time BBs. They are also responsible for day-to-day work of the organization. This is also 
applicable for the GBs who are involved in the project. This is one of the major obstacles 
faced while implementing Six Sigma projects. Lastly, it is sometimes difficult to identify 
projects year after year. The projects can be identified for first few years but number 
decreases gradually. 
These limitations show while suggesting Six Sigma for service organizations it is better 
to understand the specific needs of particular organization rather than following a 
uniform pattern of implementation.   




Although this study has generated a new understanding on the topic through a 
combination of interviews, articles, and reports and presentations of the completed 
projects, still the work has the inherent limitations of a case study. As much of the data 
collected is retrospective, based on recollection of past events, thus it is subjected to 
problems inherent to memory. 
7.2.5 Case Study 4 (SERV 18) 
7.2.5.1 Six Sigma at the consultancy service organization 
The organization embarked on the Six Sigma journey with the help of strong leadership 
from the top management. As mentioned by the Consultant:  
“Started with top management announcing on Six Sigma.” 
The implementation process started with initiation by top management. Then members 
were identified for Black Belt (BB) and Green Belt (GB) training. The BB training was 
conducted by Singapore Quality Institute. These BBs were then told to identify projects 
and also the members for those projects. The selected members for the projects were then 
given GB training in-house by the BBs. One of the initial Six Sigma projects was by the 
Finance Department on cost reduction. Later other projects were initiated by Corporate 
Division and Testing Group. The criteria for selecting the projects involve: 
• Measurable financial benefits 
• Impact on business 
• Linking to company’s business strategy 
• Have high probability of success 
• Impact has to be far reaching 
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7.2.5.2 Data analysis 
Interviews and documentary sources provided evidence about top management 
commitment as an important CSF. In case of the organization there was strong support 
from top management, which was mentioned by the informants during interviews. 
Support of team members was the next one as observed from the interviews.   
Examination of the data revealed time and service cost as the most important of CTQs. 
Closer analysis of data reveals variation across data sources on tools and techniques 
usage in different phases of DMAIC. For example, the interview transcripts mention 
usage of a number of tools and techniques at different stages by the interviewees, 
whereas the evidences from documents show lesser number of them used in projects. As 
understood from our earlier case studies, we feel the difference is because of two reasons. 
One is the familiarity and ease of BBs with particular STTs usage, even though they have 
the knowledge of all tools and techniques. Second, it depends on factors such as the 
nature of business, the nature of projects, and the nature of collected data. As can be 
observed from the response of one of the informant:  
“There are some tools we do not use like DOE. We do not due to the 
nature of our business. Certain tools we use are on data analysis and data 
organizations like bar charts, graphs etc. selection of tool depends on 
nature of project, on what kind of data is collected………” 
The KPIs mentioned are financial benefits, reduction in cost, and timely delivery as 
observed from the interviews. Other data sources also mention about financial benefits as 
a KPI. Overall, the analysis of data suggests the existence of CSFs, CTQs, and STTs 
except KPIs.  




The analysis of Six Sigma implementation in the organization suggests the importance of 
success factors, CTQs, and STTs and thus confirms with the findings from literature. The 
information collected through interviews and archival sources are analysed and the 
findings are presented in Table 7.14. 
Table 7.14: Summary of findings: Consultancy service organization 
 Interviews Archival Data 
CSFs Management support, Support of team 
members 
Management support 
CTQs Time (cycle time, turnaround time), 
Service Cost 
Turnaround time, Cost 
STTs Define 
Project charter, Process map/Flow 
chart, Stakeholder analysis 
Measure 
Pareto diagram, Control chart 
Analyze 
Cause and effect diagram, 
Brainstorming, Process map/Flow chart 
FMEA, Data analysis 
Improve 
Creative thinking, Force field analysis,5 
why analysis, Cost-benefit analysis 
Control 








diagram, Affinity diagram, 
Root cause analysis 
Improve 




KPIs Reduction in cost, Timely delivery, 
Financial benefits 
 
The analysis of data source provides further revelations about Six Sigma implementation 
in services. These additional findings are related to the practical problems faced by the 
organization for implementing as well as sustaining the Six Sigma program. Some of the 
problems identified are: 
 
 




This is one of the most serious problems faced by the organization. In case of 
manufacturing the data is readily available but not so in case of services. As the Building 
Manager mentioned during the interview session: 
“In service I think so far the most difficult is data collection, if you talk 
about manufacturing they have data around. Services are 
volatile………difficult to get data.” 
Insufficient resources 
In manufacturing Six Sigma teams are independent and not associated with day-to-day 
work. But in case of services the team is also responsible for carrying out their regular 
work, i.e. Six Sigma projects are mostly done part-time. As evidenced from the following 
response: 
“………background work has to be done before the meeting itself. We 
meet like at most for one and half to two hours. We cannot afford to spend 
more time than that as everybody has their own work to do.”  
This part-time involvement in Six Sigma projects generally results in stretching the 
resources such as time and manpower. Along with the above mentioned problems there 
are some others such as deciding upon the scope of project, extension of project timeline, 
and staff turnover.  
7.2.5.3 Discussion 
Next sections will discuss about the implications and limitations of this case study. 




The study supports the idea that management support is the most important of success 
factors and it is not important only for initiating Six Sigma but also required for 
overcoming the problems faced by team members during Six Sigma project. As 
mentioned by one of the informant:  
“………for Six Sigma to succeed management commitment is very 
important. Management must not only support Six Sigma but they must 
show that they are into it. There are some problems, some obstacles along 
the way which the team members at their level cannot resolve, so 
management has to step in.”  
The findings also suggest that support of team members an important success factor at 
project level implementation of Six Sigma. In case of CTQs, time and cost are found as 
the most important of process parameters to improve.  
Uniformity in usage of tools and techniques is also observed across projects. This 
uniformity is surprising as selection of STTs depends on nature of business, nature of 
projects, nature of collected data, and the familiarity and convenience of project leaders 
and team members with certain cluster of tools and techniques. This shows that a uniform 
set of tools and techniques is possible irrespective of different service organizations 
having difference in projects. 
Similar to previous case studies, this study highlights the practical problems faced in 
service organizations during Six Sigma implementation. First is the problem of data 
collection. In manufacturing the data are readily available but for services gathering data 
is time consuming. Second, unlike manufacturing, in services there are no full-time BBs. 
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They are also responsible for day-to-day work of the organization. This is also applicable 
for the GBs who are involved in the project. This is one of the major obstacles faced 
while implementing Six Sigma projects. Lastly, the problem faced due to team members 
leaving in the middle of a project. 
These limitations show while suggesting Six Sigma for service organizations it is better 
to understand the specific needs and problems of particular organization rather than 
following a uniform pattern of implementation.   
7.2.5.3.2 Limitations 
The study generated new understanding about different aspects of Six Sigma 
implementation. Similar to other studies, it also has retrospective data collection and thus 
has problems inherent to memory. 
7.3 Conclusion 
The case studies helped in understanding what specific type of commitment and 
involvement, employees of the organizations expect from top management. The cases 
also helped in understanding the selection criteria of tools and techniques and what are 
the practical difficulties faced during Six Sigma implementation. The findings from case 
studies were incorporated in the large-scale survey questionnaire and they were more 
frequently cited by the respondent organizations. Next chapter discusses the findings 
from the large-scale questionnaire survey. 
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CHAPTER 8 LARGE-SCALE QUESTIONNAIRE SURVEY 
8.1 Introduction 
The third phase of the study involved a large-scale questionnaire survey. The survey was 
web-based and conducted globally. The findings from this survey are discussed in detail 
in this chapter.  
8.2 Large-Scale Questionnaire Survey     
8.2.1 Preliminary analysis 
In this section we will summarize some of the basic information gathered from the large-
scale survey. This information is related to number of responses, respondent’s profiles, 
profile of organizations which participated in the survey, etc.  
8.2.1.1 Number of responses 
Out of 13497 service organizations in the mailing list, 83 were returned, 3239 
undelivered due to inaccurate e-mail address, 41 organizations e-mailed back to decline 
participation, and 7 returns were incomplete. The overall response rate was about 0.6%. 
Among the organizations responded, 28 have implemented Six Sigma, 47 have not 
implemented Six Sigma while some among these 47 are planning to implement it in near 
future. Since our focus is on organizations which have or have not implemented Six 
Sigma so the usable data for this survey was 75. The detailed number is summarized in 
Table 8.1. 
Table 8.1:  Response rate: large-scale survey 
Status Number Response Rate (Out of all Organizations) 
Total sent 13497  
Undelivered 3239 23.99% 
Declined invitation 41 0.30% 
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Incomplete 7 0.05% 
Returned (all) 83 0.6% 
Returned (No Six Sigma) 47 0.34% 
Returned (Six Sigma) 28 0.21% 
Returned (Usable) 75 0.56% 
We attribute the lower response rate to the practical limitation of our mailing list. One 
limitation in the mailing list was the incapability of indicating the service organizations 
which were known to have implemented Six Sigma. Another limitation was the 
inaccuracy of the list. Though the database we used is updated, irrespective of that we 
found a lot of respondent’s e-mail addresses have changed. Given, the low response rate 
for web-based surveys, see Ettlie and Kubarek (2008), we feel our response rate as 
acceptable.   
8.2.1.2 Respondent profile 
The profile of respondents is shown in Table 8.2. We observed that the respondents are 
mostly from senior manager, manager and executive level. In case of organizations which 
implemented Six Sigma respondents are mainly senior managers or managers. This is 
expected as the employees at this level are mainly trained in Six Sigma and having 
different expertise. They are also our targeted respondents from organizations which have 
implemented Six Sigma. This can also be observed from Figure 8.1, which shows that 
other than champions (who are mostly top management), the skill profile is dominated by 
MBBs, BBs, and GBs.  




Figure 8.1: Skill profile of respondents of Six Sigma organizations 
Another observation is, majority of service organizations which implemented Six Sigma 
are large, having 1000 or more full-time employees. This seems to suggest that smaller 
service organizations are still not considering Six Sigma implementation. This 
observation is similar with small-scale survey we earlier conducted.  
Table 8.2: Profile of respondents: job title of respondents and company size: large-scale 
survey 
Job Title Frequency Company Size 
(No. of Full-time 
Employees) 
No. of Companies 
A B A B 
SVP/VP/AVP 1 3 1 – 19  5 0 
CEO/CFO/CSO 5 0 20 – 49 4 2 
Director 2 1 50 – 99  3 1 
General Manager 7  1 100 – 199   5 0 
Senior Manager/Manager 16 21 200 – 499  7 1 
Executive 12 1 500 – 999  8 1 
1000 – 1999  3 4 
Not Specified 4 1 2000 – 4999  6 6 
5000 - 10000 4 2 
TOTAL 45 28 > 10000 2 11 
Not Specified 0 0 
A – Organizations which have not implemented Six Sigma 
B – Organizations which have implemented Six Sigma 
TOTAL 47 28 
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8.2.1.3 Organization profile 
In large-scale survey we received responses from different types of service organizations 
as shown in Table 8.3. The organizations which implemented Six Sigma are mainly 
dominated by information technology (IT) services, manufacturing and after sales 
services, and transport services. The responses from organizations which have not 
implemented Six Sigma are distributed almost evenly among different service types. 
Further, the sector-wise distribution of respondents seems to suggest that majority of 
service organizations which are into Six Sigma are from private sector. This is in contrast 
to small-scale survey, where the respondent organizations were mainly from public 
sector. 
Table 8.3: Profile of service organizations: type, sector, and country 
Service Organizations which have 
implemented Six Sigma 
Service Organizations which have not 
implemented Six Sigma 
Service 
Organization 
Sector Country Service 
Organization 
Sector Country 


















































Transport (14%)  MYS 
(4%) 






Utilities (4%)  PAK 
(7%) 
Others (29%)  DEU 
(3%) 
Education (4%)  DEU 
(4%) 
  HKG Manufacturing (7%)  THA 








   Insurance (7%)  Others 
(24%) 
   Others (26%)   
IND – India, SGP – Singapore, USA – United States of America, NLD – Netherlands, 
CAN – Canada, MYS – Malaysia, KWT – Kuwait, DEU – Germany, HKG – Hong 
Kong, GBR – Great Britain, EGY – Egypt, PAK – Pakistan, THA – Thailand, ZAF – 
South Africa 
8.2.2 Descriptive analysis 
8.2.2.1 Critical success factors (CSFs) 
Through small-scale survey and case studies we identified several CSFs and found that 
they are somewhat consistent with the existing literature. The existing literature mainly 
focused on CSFs for Six Sigma implementation in general whereas our study is focused 
on service organizations. In recent literatures, researchers (Nonthaleerak and Hendry, 
2008) discussed about the need of exploring CSFs in non-manufacturing environment. 
The large-scale survey provided us with the opportunity to identify CSFs from service 
organizations not limited to a specific geographic location. Figure 8.2 shows that 
management commitment and involvement, and linking Six Sigma to business strategy 
have highest average score among the CSFs. Preference of management commitment and 
involvement as most important CSF is similar to all the studies in this field. Linking Six 
Sigma to business strategy is though mentioned in other studies (Antony, 2006; Antony, 
2004b), but it is having higher precedence here than other studies.  




Figure 8.2: Average score for 9 critical success factors 
8.2.2.2 Critical-to-quality (CTQ) characteristics 
The responses from large-scale survey show customer satisfaction as an important metric 
to improve, followed by cycle time, service time, and service cost (refer Figure 8.3). As 
observed from the responses of our earlier data collection methods, i.e. small-scale 
survey and case studies, the CTQs are mainly customer focused. This is also reflected 
from the observation of CSFs where, customer focus having high average score from 
respondents.   




Figure 8.3: Response frequency for critical-to-quality characteristics  
8.2.2.3 Key performance indicators (KPIs) 
In large-scale survey we asked the respondents about definition as well as importance of 
some KPIs. The response on KPI definitions will be discussed in next section. The 
important KPIs observed from the responses include reduction in cost followed by 
customer satisfaction, timely delivery, and financial benefits (refer Figure 8.4). 
 
Figure 8.4: Response frequency for key performance indicators 
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8.2.2.4 Set of tools and techniques (STTs) 
The response on STTs from this survey has similarities with small-scale survey and case 
studies. As can be observed from Figure 8.5, many tools and techniques are used by the 
service organizations in various frequencies. There are some which have high frequency 
of usage; some have medium frequency while some are used less frequently. The pattern 
of usage of tools show high frequency usage of soft tools such as  brainstorming, 
flowchart, cause and effect analysis, etc. and low frequency usage of statistical tools and 
techniques such as regression and correlation analysis, design of experiments, etc.     
 
Figure 8.5: Frequency of usage of STTs by service organizations: large-scale survey 
Previous studies have mostly mentioned about frequently used tools and techniques in 
Six Sigma implementation in service organizations. There is no previous study which 
concentrated on their usage at different phase of Six Sigma methodology. Table 8.4 
presents the tools and techniques usage as per DMAIC phases. To understand in more 
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clear way the pattern of usage of STTs in different phases we concentrated solely on tools 
and techniques which are used in all phases as mentioned by the respondents.  
Table 8.4: Frequently used STTs in each phase of DMAIC 
Define  BS, PM, FC, COQ 
Measure  BS, PM, FC, PA, FD, HG, PC, WFD, NPP 
Analyze  BS, PM, FC, CEA, PA, RCA, HG, PC, WFD, NPP 
Improve  BS, PM, CS, FMEA 
Control   PM, SPC 
Further investigation reveals (refer Table 8.4) that STTs such as COQ is very specific to 
define phase. In similar manner FD is for measure phase, CEA and RCA for analyze 
phase, CS for improve phase, and SPC for control phase. The lack of data though restricts 
generalization of findings but this mapping is a useful start for future research in detailed 
analysis of STTs usage in service organizations. 
Table 8.5 below shows the plot for 15 tools and techniques (out of a total of 25 STTs, 
included in the survey) which are used in all the phases at varying degree. Closer 
observation shows that there are very few tools which are frequently used in D, I, and C 
phases. Majority of STTs are used in M and A phase. The numbers in bold have values 
more than either row or column average. They represent the limited number of STTs 
which are frequently used and have presence in at least one phase of Six Sigma 
methodology. 
Table 8.5: STTs that are used at all phases of DMAIC: large-scale survey 
STT Define Measure Analyze Improve Control Col. Ave. 
BS 15 10 16 17 5 13 
PM 19 16 15 16 15 16 
FC 14 16 11 9 5 11 
CEA 6 6 20 5 2 8 
PA 7 14 20 5 3 10 
RCA 3 10 21 6 1 8 
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FD 5 12 18 5 2 8 
HG 6 15 19 8 3 10 
CS 6 10 8 11 9 9 
SPC 1 6 11 8 15 8 
PC 8 14 13 9 6 10 
WFD 9 14 11 9 6 10 
FMEA 1 7 15 10 5 8 
COQ 12 8 10 5 8 9 
NPP 2 13 18 6 1 8 
Row Ave. 8 11 15 9 6  
8.2.2.5 Difficulties in implementing Six Sigma 
In small-scale survey we used a single question to focus on difficulties or reasons for not 
implementing Six Sigma by service organizations. The responses from our previous 
survey highlighted some major difficulties faced by service organizations while 
implementing Six Sigma. This thing is further investigated through case studies and 
helped us in understanding practical difficulties faced in Six Sigma implementation. In 
large-scale survey we included some of these practical difficulties and found that they are 
the major difficulties faced as can be observed from Figure 8.6. Part-time involvement 
and staff turnover between the project/training are mentioned frequently as difficulty 
faced during Six Sigma implementation along with difficulty in data collection.  




Figure 8.6: Difficulties faced in Six Sigma implementation 
8.2.2.6 Reasons for not implementing Six Sigma 
The response from large-scale survey highlights reasons from two groups. One is from 
those who implemented Six Sigma and others who have not. There is also distinction 
between the reasons mentioned by these two groups. Those who have implemented Six 
Sigma, cites practical problems from their experience as reasons whereas the second 
group cites reasons which are more theoretical in nature and mentioned in previous 
literatures in this field. Figure 8.7 shows that time consuming effort, difficulty in data 
collection and complexity in learning and training as major reasons for not implementing 
Six Sigma mentioned by the first group. The second group mentions Six Sigma is 
unknown to them, followed by difficulty in identifying process parameters and time 
consuming as major reasons (refer Figure 8.8). We observed the reason of unknown to us 
is in high frequency from responses of small-scale survey also. This shows that there is 
much required to be done for Six Sigma implementation in service organizations, 
irrespective of it being given visibility through high profile adoption in big organizations.  




Figure 8.7: Reasons from organizations which have already implemented Six Sigma 
 
Figure 8.8: Reasons from organizations which have not implemented Six Sigma 
 




In this chapter, we investigated the implementation of Six Sigma in service organizations 
through a large-scale questionnaire survey. It is found that Six Sigma implementation in 
service organizations is limited across the globe. Service organizations in US and Europe 
are front runner in Six Sigma implementation with Asian countries such as India and 
Singapore following up. The findings from literature review showed organizations from 
healthcare and banking sector have mostly implemented Six Sigma. This survey 
highlighted that other services such as information technology, telecommunication 
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CHAPTER 9  
DISCUSSION AND FRAMEWORK CONSOLIDATION 
9.1 Introduction 
In this chapter we build-up the discussion based on aggregate findings from the data collected 
through surveys and case studies. Data were obtained from small-scale and large-scale surveys; 
and case studies involving 10 structured interviews, 44 project reports, and archival materials. 
Finally, we will conclude by consolidating the conceptual framework. 
9.2 Micro-Level Analysis 
9.2.1 Cross-Survey Analysis     
Cross-survey analysis describes a process of comparing estimates from multiple surveys 
that measure related constructs. By examining similar items from multiple surveys, it is 
possible to gain more complete understanding of the constructs in question and an 
appreciation of how sensitive survey estimates are to cross-survey methodological 
differences (Coggesall and Kingery, 2001). 
Based on the three phase research approach adapted for this study we conducted both 
small-scale survey (organizations within a specific geographic location, i.e. in this case 
Singapore) and large-scale survey (organizations in different geographic locations). In 
this section we will do a comparative analysis of CSFs, CTQs, STTs, and KPIs 
qualitatively based on the responses from two surveys. 
9.2.1.1 Critical success factors (CSFs) 
The CSFs are discussed by several researchers in relation to Six Sigma implementation. 
Brady and Allen (2006) highlighted 14 different CSFs from their extensive literature 
review. CSFs related to Six Sigma implementation in service organizations is explored 
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mainly by Antony (2004b), based on a pilot survey of UK service organizations. Our 
research contributes by exploring the CSFs through surveys as well as case studies, in 
order to answer the nature and frequency of individual CSFs and issues related to service 
context (Nonthaleerak and Hendry, 2008).      
Figure 9.1 shows the average score of CSFs observed from the surveys. It can be 
observed that top management commitment and involvement, clear performance metrics, 
management of cultural change, and organizational readiness have relatively similar 
scores (encircled in the figure) from the two surveys. The order of preference though 
varies among the surveys.  
 
Figure 9.1: Average score of CSFs in large-scale and small-scale survey  
Table 9.1 is an attempt to show that there are some common CSFs observed from 
different surveys such as top management commitment, management of cultural change, 
and customer focus. The surveys helped us in identifying the importance placed by 
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respondents on individual CSFs but to understand the impact of them, in-depth case 
studies are conducted (this will answer a part of Research Question 1 of our study).    
Table 9.1: Ranking of CSFs in individual surveys based on average scores  
Small-Scale Survey Large-Scale Survey Antony (2007) 
CSFs Ave. Score CSFs Ave. Score CSFs Ave. Score 
CPM 4.55 TMC 4.77 LSSBS 4.55 
TMC 4.53 LSSBS 4.72 CF 4.40 
MCC 4.36 ET 4.50 PMS 4.40 
OR 4.27 CF  4.48 TMC 4.20 
CF 4.14 CPM 4.42 OI 4.15 
ET 3.95 STM 4.40 USSM 4.10 
CWC 3.91 CWC 4.27 PSP 4.05 
FB 3.82 MCC 4.27 FB 3.70 
  OR 4.16 MCC 3.55 
CPM – Clear performance metrics; TMC – Top management commitment 
MCC – Management of cultural change; OR – Organizational readiness 
CF – Customer focus; ET – Education and training; CWC – Company-wide 
commitment; FB – Financial benefit; LSSBS – Linking Six Sigma to business strategy 
STM – Support of team members; PMS – Project management skills 
OI – Organizational infrastructure; USSM – Understanding Six Sigma methodology 
PSP – Project selection and prioritization 
9.2.1.2 Critical-to-quality (CTQ) characteristics 
The CTQs observed from the surveys provided some common preferences whereas there 
are some differences also. The preferred CTQs involve time (cycle time, service time, 
responding to customer complaints), and service cost. The difference observed is in 
having customer satisfaction and turnaround time as major preferences from respondents 
of large-scale survey (refer Figure 9.2). One notable observation is the absence of waiting 
time from the list which is thought of as one of the most common process parameter to be 
improved through Six Sigma implementation.  




Figure 9.2: Count of CTQs in large-scale and small-scale survey  
To understand deeper about CTQs we analyzed further based on service strategy from 
operations management literature which provided us valuable insights on decision about 
process parameters to be considered for improvement through Six Sigma projects. The 
analysis is discussed in detail in next section. 
9.2.1.3 Key performance indicators (KPIs) 
In small-scale survey we asked the respondents about the importance of certain KPIs 
observed from literature and found that efficient service and customer satisfaction scored 
highly by the respondents. In large-scale survey we focused more on the definition of 
KPI rather than its importance. The definition of KPI from respondents showed that there 
indeed is difference in interpretation of this term by the practitioners. There are two 
aspects to it one is strategic and the other is related to process. Table 9.2 provides the 
definition provided by respondents, majority of which is related to organization strategy. 
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Table 9.2: Definitions of KPI from large-scale survey  
Strategic Oriented 
KPI's is the chosen indicators to control a process and used to have data when a decision 
is required. KPIs are agreed in an organization as the measurement points without 
discussion. 
The metrics that help guide the organization in the right directions. Tells you if you are 
succeeding in your goals. 
We believe that excellence in service will be the nucleus for all actions and decisions. So 
the KPIs are a measure for our excellence in service and customer support. KPIs are 
based on SMART targets. 
KPI is designed based on the results required and in line with the Company strategy. 
We use KPIs to measure how we are doing on our strategic and financial goals. 
KPIs are set up to indicate organization/department goals, set up dashboards and score 
cards w/ baseline metrics and monitor the performance based on key indicators. 
Quantifiable indicators to measure the fit for purpose and efficiency of the organisation. 
Process Oriented 
Same as CTQs. 
Key performance inputs. 
KPI - key measure that are critical to evaluate the performance of a product/process. 
It can be observed from the above table that KPI is significant when interpreted in terms 
of overall organization strategy rather than specific to Six Sigma strategy. Another 
interpretation of it being similarity with CTQ makes us to think of a uniform and clearly 
understandable term instead of two different terms. We feel in this scenario the term 
measurable process characteristic mentioned in our framework definition can overcome 
this problem.   
9.2.1.4 Set of tools and techniques (STTs) 
The surveys showed a number of tools and techniques are used by service organizations 
while implementing Six Sigma projects. We analyzed the usage in two ways. First, the 
tools and techniques which are used more, based on the average score and second on the 
basis of their usage at different phases of DMAIC. Figure 9.3 provides the average score 
of tools and techniques as observed from individual surveys. As can be observed that 
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there are certain STTs which have almost similar average score (encircled data points) 
whereas there is some variation in score for others.  
 
Figure 9.3: Average score of STTs in large-scale and small-scale survey  
As the two surveys are different and data may not be directly comparable but still it 
shows that there are certain STTs which are frequently used such as cause and effect 
analysis, Pareto analysis, fishbone diagram, histogram, process capability and normal 
probability plot. This is an encouraging finding as it shows that there are certain STTs 
which are used irrespective of differences in service types and nature of Six Sigma 
projects conducted by the organizations. This will be helpful in building up a uniform 
tool set for Six Sigma implementation in service organizations.  
The Six Sigma methodology DMAIC involves five phases. To have a deeper 
understanding about the STTS we focused on their usage in different phases. It is 
observed that though a number of tools and techniques are mentioned by the respondents 
but their usage is limited in individual phases. Actually, there are less number of tools 
and techniques used while considering individual phases. This trend is similar in case of 
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both the surveys. Based on our observation and analysis, the STTs used in different 
phases of DMAIC are tabulated below (refer Table 9.3). 
From the observation of the table below it can be said that brainstorming and project 
management are used in almost every phase, and there is control chart which is 
specifically used in control phase. The importance of project management in Six Sigma 
projects from our findings confirms with the literature where project management skills is 
cited as an important CSF for Six Sigma implementation (Antony et al., 2007; Antony, 
2006). 
Table 9.3: STTs as per different phases of DMAIC: Summarized from two surveys  
Small-Scale Survey 
Define Brainstorming, flowchart, project management 
Measure Brainstorming, check sheet, histogram, process capability, project 
management, work flow diagram 
Analyze Brainstorming, histogram, process capability, project management, 
relationship diagram, regression/correlation analysis 
Improve Brainstorming, project management, work flow diagram 
Control Control chart, flow chart, project management 
Large-Scale Survey 
Define Brainstorming, flowchart, project management, cost of quality 
Measure Brainstorming, flowchart, project management, Pareto analysis, fishbone 
diagram, histogram, process capability, work flow diagram, normal 
probability plot 
Analyze Brainstorming, flowchart, project management, Pareto analysis, cause and 
effect analysis, root cause analysis, histogram, process capability, work 
flow diagram, normal probability plot  
Improve Brainstorming, project management, check sheet, failure mode effect 
analysis 
Control Control chart, project management 
9.2.1.5 Difficulties/Reasons for not implementing Six Sigma 
The surveys highlighted the difficulties faced by service organizations while 
implementing Six Sigma and also the reasons behind certain organizations not 
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implementing it. In large-scale survey we focused on the difficulties and reasons 
separately whereas in small-scale survey they were observed through a single question. 
Since we have discussed about them in individual discussion on surveys, the focus here is 
on some common reasons cited by the respondents of the surveys.  
The organizations which have implemented Six Sigma, they mentioned the reasons such 
as time consuming effort, difficulty in data collection and too complex to learn and train 
as reasons for not implementing of Six Sigma. From literature it can be observed that 
there is frequent mention about data collection difficulty and about training of Six Sigma. 
The training of Six Sigma involves statistical tools and techniques which is difficult to 
understand by employees in organizations with a background of limited statistical 
knowledge (Nonthaleerak and Hendry, 2008; De Koning and De Mast, 2006). The 
mention of time consuming effort as a reason can be because of part-time involvement of 
employees in Six Sigma projects. The issue of part-time involvement is cited highly by 
the respondents of our large-scale survey.   
The organizations which have not implemented Six Sigma, mentioned unknown to us as 
one of the main reason. This is perhaps an important finding of this research. It shows 
that even though Six Sigma is more than two decades old and has been adopted by world-
class organizations such as Motorola and General Electric (GE), but it is still not visible 
for service organizations. There is a need for visible success stories of Six Sigma 
implementation in service organizations to provide a thrust in similar manner as done in 
1990s by high profile adoption in GE. 
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9.2.2 Determining Six Sigma success and progress 
Six Sigma stands out from previous quality management initiatives because of its focus 
on improving business performance in terms of bottom line result (McAdam and Evans, 
2004; Snee, 2004; Goh 2002). There are many published success stories which indicates 
that Six Sigma helped in generating financial benefits in many reputed organizations 
from manufacturing and service sector (Kwak and Anbari, 2006; Antony, 2006; 
Harrington and Trusko, 2005). However using only financial benefits as an indicator of 
success is questionable as the profit earned can be due to various other factors such as 
market changes or effective asset management (Nonthaleerak and Hendry, 2008). For our 
research we collected evidences on financial benefits from respondents of large-scale 
survey who have implemented Six Sigma, though it is acknowledged that verification of 
the accuracy of this data has not been possible. So, it is important to consider other 
indicators to determine the level of success and progress achieved by the large-scale 
survey organizations. The proposed indicators of success have been considered from 
previous literature on similar studies. The indicators chosen are described and justified 
below. 
9.2.2.1 Level of success     
Financial evidence and perceived success as indicators have been considered by 
Nonthaleerak and Hendry (2008) in their study of Six Sigma implementation in 
manufacturing and service organizations. Quality award as an indicator is considered 
from literature on similar studies in quality management about TQM success in 
organizations. Similar to Ghobadian and Gallear (2001) and Hendricks and Singhal 
(1997) our research uses the receiving of a quality award as an indicator for successful 
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implementation of Six Sigma. Unlike previous studies we developed a scoring pattern for 
these indicators for clear indication of success and progress of the service organization. 
Table 9.4 provides the indicators and the scores associated for determining the level of 
success for the organizations of large-scale survey. Three levels of success are defined as 
follows: 
a) Low success: Having 0 – 20 K USD11 in financial savings, unsuccessful to less 
successful as perceived success and no or in-company quality awards. 
b) Moderate success: Having 20 – 50 K USD in financial savings, perceived success 
as successful and won national quality award. 
c) High success: Having more than 50 K in financial savings, moderately successful or 
very successful as perceived success and won regional or international quality 
award. 
On the basis of the above discussed indicators and their related scores we found that only 
one organization is highly successful whereas there are several organizations in 
moderately successful range with a few being in low success category. The highly 
successful organization is basically a manufacturing organization which has done some 
projects in their sales and service division. So, it will not be justified to rank it as a 
completely successful service organization in Six Sigma implementation. In case of 
moderately successful organization it is observed that some of them have won at least one 
type of quality award based on our criteria. Though closer analysis show that most of 
these organizations in this category are those, where Six Sigma is implemented 
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throughout the organization. In low success category there is only organizations which 
have partially implemented Six Sigma.  
Table 9.4: Indicators and their score for determining level of success 
Level of Success 
Low Success: 1 - 2 Moderate Success: 3 High Success: 4 - 5 
Indicators 
Financial Benefit (in USD) 0 – 10 K 1 
10 – 20 K 2 
20 – 50 K 3 
50 – 100 K 4 
> 100 K 5 
Perceived Success Unsuccessful 1 
Less Successful 2 
Successful 3 
Moderately Successful 4 
Very Successful 5 
Quality Awards No Quality Awards 1 
In-Company Quality Awards 2 
National Quality Awards 3 
Regional Quality Awards 4 
International Quality Awards 5 
To understand the Six Sigma implementation based on the success of these organizations 
we focused on CSFs, CTQs, STTs, KPIs, and difficulties highlighted by them. There is 
not much difference observed in their preference about CSFs, CTQs, and KPIs. STTs 
usage is a bit different for organizations in low success and moderate success, with less 
successful organizations using more tools and techniques. Though there is no significant 
difference between the preferences of STTs between the two categories. Figure 9.4 
presents the average score* from respondents of organizations in the two categories. 




Figure 9.4: Average score of STTs in low and moderately successful Six Sigma 
organizations12  
(*t-Test: Two sample using equal variances – Result insignificant at α=0.05) 
The difficulties faced during Six Sigma implementation have some differences between 
less successful and moderately successful organizations (refer Figure 9.5). The less 
successful organizations cite data collection as a major difficulty where as moderately 
successful organizations felt part-time involvement in projects and extension of project 
timeline as major difficulties. As the moderately successful organizations mostly have 
more than 4 years of experience so there are some difficulties such as extension of 
timeline and difficulty in identifying projects in long run are different from those of less 
successful organizations. Thus, it can be interpreted that data collection is not much of 
difficulty for moderately successful organizations in comparison to less successful 
organizations but they face different kind of problems in the long run. So, it can be said 
that to implement Six Sigma in service organizations, it is better not only to look 
                                                            
12
 Six Sigma organizations refers to service organizations which have fully or partially implemented Six 
Sigma 
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common difficulties such as difficulty in data collection or difficulty in identification of 
process parameters but also to understand the problems which may affect long-term 
sustainability of Six Sigma in service organizations.   
    
 
Figure 9.5: The responses on difficulties faced during Six Sigma implementation from 
low and moderately successful service organizations 
9.2.2.2 Level of progress    
The indicators of progress represent the level of commitment of an organization to its Six 
Sigma program and represents effort in terms of time spent on training, projects, and the 
belt certification process (Nonthaleerak and Hendry, 2008). The level of progress for our 
study is determined by total Six Sigma projects completed till 2007, number of ongoing 
projects, years of Six Sigma experience, and the levels to which Six Sigma training is 
provided. The last three indicators were from the study by Nonthaleerak and Hendry 
(2008). Since, we have limited data from the organization to evaluate about success and 
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progress so number of total Six Sigma projects completed is included as an additional 
indicator. Table 9.5 provides the indicators and the scores associated for determining the 
level of progress for the organizations of large-scale survey. Three levels of progress are 
defined as follows: 
a) Low progress: Having ≤ 20 Six Sigma projects completed, ≤ 20 ongoing projects, 
<1 year of Six Sigma experience and training is provided only to those participating 
in project(s). 
b) Moderate progress: Having more than 20 and ≤ 40 completed and ongoing projects, 
in between 1 to 6 years of Six Sigma experience and training is provided to certain 
level of employees in the organization. 
c) Good progress: Having more than 40 completed and ongoing projects, >6 years of 
Six Sigma experience and training is provided to all levels of employees in the 
organization. 
On the basis of information provided by the respondents we found that there are 
organizations in low and moderate progress category with nobody in good progress. 
Similar to moderate successful organizations, the organizations in moderate progress 
category are mainly those which have implemented Six Sigma throughout the 
organization.  
There is not much difference in consideration related to CSFs, CTQs, and KPIs for the 
organizations in low and moderate progress categories. The difference in usage of STTs 
is more pronounced in these two categories compared to low success and moderate 
success categories. The organizations in low progress category utilize far more number of 
tools and techniques compared to organizations which have moderate progress in Six 
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Sigma implementation. Table 9.6 provides the list of tools and techniques utilized by the 
organizations in low and moderate progress categories.  
Table 9.5: Indicators and their score for determining level of progress 
Level of Progress 
Low Progress: 1 – 2  Moderate Progress: 3 – 4  Good Progress: 5 – 6  
Indicators 
Total Six Sigma Projects 
Completed 
< 10 1 
10 – 20 2 
20 – 30  3 
30 – 40  4 
40 – 50  5 
> 50 6 
Ongoing Projects < 10 1 
10 – 20 2 
20 – 30  3 
30 – 40  4 
40 – 50  5 
> 50 6 
Years of Experience < 1 year 1 
1 – 4 Years 2 
4 – 6 Years 3 
> 6 Years 4 
Six Sigma Training Only those participating in Six Sigma project 1 
General Manager, Manager 2 
General Manager, Manager, Engineer 3 
General Manager, Manager, Engineer, Supervisor 4 
Throughout the organization at all levels 5 
Table 9.6: Frequently used tools and techniques by the organizations in low and 
moderate progress categories  
Low Progress 
HG, CC, CEA, PA, BS, PM, FC, COQ, FD, CS, FMEA, SD, RCA, MP, SPC, WFD, 
RGCA 
Moderate Progress 
CEA, BS, PA, HG, FC, PC, CC, COQ 
As can be observed from the table above that the organizations which have low progress 
use 17 different tools and techniques whereas for organizations which have moderate 
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progress use only 8 different tools and techniques. These tools and techniques for both 
categories fall in between sometime to frequent use. The possible interpretation for such a 
difference can be that moderately progressed organizations are into Six Sigma for a 
considerable period of time and have stable structure of implementation. In comparison 
the organizations which have low progress are still experimenting with different tools and 
techniques while doing Six Sigma implementation. There is not only difference in 
number of tools and techniques usage between the organization in two categories it is 
also observed that their preference of tools and techniques also vary. Figure 9.6 shows the 
average score* by respondents in low and moderately progressed service organizations 
which have implemented Six Sigma. 
In case of difficulties in Six Sigma implementation there is not much difference between 
the preferences among the organizations in the two categories. The difficulties mentioned 
are mainly practical in nature such as part-time involvement in Six Sigma projects, staff 
turnover in between a project or after training, and extension of project timeline.   
 
 Figure 9.6: Average score of STTs in low and moderately progressed Six Sigma 
organizations  
(*t-Test: Two sample using equal variances – Result significant at α=0.05) 
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Similar to organizations which are moderately successful, the organizations in moderate 
progress category also mentioned about the difficulty of identifying projects in long run. 
This further strengthens our point about concentrating on long run difficulties which we 
feel will be more effective in introducing and sustaining Six Sigma in service 
organizations. 
9.2.2.2.1 Matrix of Six Sigma success and progress 
Based on our discussions above, a matrix to indicate the level of progress and success 
achieved by the organizations was developed and is presented in Table 9.7. For example, 
it shows that SERVP1 is categorized as having low success and low progress. This 
organization has had no ongoing projects, with only between 10 to 20 projects completed 
in 1 to 4 years period of Six Sigma implementation with training limited to a certain level 
of employees. Based on these criteria the score for the organization is 1.75, thereby 
having evidence of low progress. In terms of the success criteria, though there is evidence 
of financial benefits, perceived success is low and the organization has not won any 
quality awards. In contrast, SERVF5 is categorized having high success and moderate 
progress. High success is indicated by high financial benefits, won regional quality award 
and having moderately successful perceived success. In terms of progress, the 
organization has completed around 20 to 30 projects with around 20 ongoing projects. 
Further the organization has around 4 to 6 years of Six Sigma experience and the training 
is provided throughout the organization. The score for SERVF5 is 4.33 and is positioned 
in high success category. In similar manner other organizations are categorized into 
different level of success and progress based on the responses provided by these 
organizations.      
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Table 9.7: The matrix of Six Sigma progress and success  
 Low Progress Moderate Progress Good Progress 









High Success  SERVF5  
Although it is acknowledged that this categorization is subjective in nature, it is felt that it 
is sufficient to enable our research to determine which aspects of implementation have 
been problematic and requires further research. Thus, the conclusions presented in Table 
9.7 acts as reference point to explanation of the key findings from earlier analysis of the 
empirical evidence. 
9.2.2.3 Service strategy context 
There are plenty of discussions in Quality management (QM) literature about the 
difficulties in implementing QM practices. There is also the question, if these difficulties 
are due to conceptual flaws in the QM approach or of implementation deficiencies. 
Identifying the gap in QM literature about exploring the effect of context on QM 
practices, Sousa and Voss (2001) explored empirically, whether process QM practices are 
contingent on a plant’s manufacturing strategy context. As Six Sigma is focused on 
improving processes, so we tried to analyze in similar manner Six Sigma implementation 
on the basis of service strategy context.       
In service literature the strategy of service classification is based on marketing and 
operations management perspective. As we feel our research is more aligned to 
operations management, we opted for service classification analogous to production 
                                                            
13
 SERVP – Represents service organizations which have partially implemented Six Sigma 
    SERVF – Represents service organizations which have fully implemented Six Sigma 
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process model, which is proposed by Silvestro et al. (1992). This type of classification 
scheme will help in cross fertilization of ideas and to an understanding of the 
management methods and techniques appropriate to each service type (Silvestro et al., 
1992). Figure 9.7 presents the service process model utilized in the analysis of our 
research.  
 
Figure 9.7: Service process model (Silvestro et al., 1992) 
Similar to analysis of success and progress, we analyzed the service type for 
organizations which implemented Six Sigma and responded to large-scale survey. This 
will help us in understanding which type of service are successful or have more progress, 
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on the dimensions discussed above we observed that majority of the organizations are 
mass services which have implemented Six Sigma. These are also the organizations 
which have moderate success and progress with Six Sigma. There are few respondent 
organizations which are either service shop or professional service type. Though among 
those there are two professional type organizations which have moderate success and 
progress. 
Analyzing further into the aspects of Six Sigma implementation we found that preference 
of CSFs is almost similar across service types. But closer analysis shows that there is 
some effect of service types on the choice of CSF. For example, professional service type 
organizations have scored customer focus highly than the other two types. As in 
professional service type there is higher customer contact so it makes sense to have more 
focus on customer requirements and improve through Six Sigma implementation. The 
CSFs are plotted based on the average score from the respondents of large-scale survey 
according to the three service types and is shown in Figure 9.8. 
 
Figure 9.8: Average score of CSFs as per service types 
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Here we also analyzed about CTQs, as it will help in identifying the process parameters 
to be improved through Six Sigma according to different service types. We found that in 
case of mass service type organizations the important CTQs are customer satisfaction, 
cycle time, service cost, etc. whereas for professional services it is waiting time along 
with cycle time, service cost etc. Knowing the characteristics of service types this 
difference can be easily understood. In professional services there is more customer 
contact and the contact staff is the core element in service delivery. So in this case 
waiting time will be an important CTQ. In contrast mass services will have less customer 
contact and more equipment based, in such circumstances cycle time or turnaround time 
are more important CTQs. Figure 9.9 presents the CTQs as per the service types. 
 
Figure 9.9: CTQs as per service types 
Analysis of STTs shows preference varies across service types. We observed that tools 
and techniques used by service shop type organizations have similarities with mass and 
professional services. Since service shop is in between professional and mass services so 
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it makes sense to have such similarities. For example, Pareto analysis is almost equally 
preferred by service shop and mass services and histogram and flowchart have equal 
preferences among service shop and professional services. We also found that in case of 
mass service they use less tools and techniques compared to service shop and 
professional services. According to our data mass services use around 14 whereas service 
shop and professional services use an average of 20 tools and techniques. The probable 
reason can be mass service organizations are successful in Six Sigma implementation 
while service shop and professional services are still striving to become successful and 
so, exploring different tools and techniques. Figure 9.10 shows the average score of tools 
and techniques used by the three service types. 
  
Figure 9.10: Average score of STTs as per service types 
Difficulties faced in Six Sigma implementation have differences across service types. For 
mass services the major difficulties are part-time involvement in Six Sigma projects, 
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difficulty in data collection, and staff turnover between the project(s) or after training. 
Professional services mentioned similar difficulties as part-time involvement and staff 
turnover but they also have difficulties such as defining the scope of Six Sigma project. 
Thus from this analysis we feel that there is a relation between service type and Six 
Sigma implementation aspects. This in a way confirms to the findings related to process 
QM practices and manufacturing strategy by Sousa and Voss (2001).  
9.2.2.3.1 Matrix of service types 
Based on our above discussion we present a matrix of the respondent organizations 
according to the three service types. The organizations are characterized based on the 
dimensions mentioned by Silvestro et al. (1992). For example, SERVF1 (information 
technology service) with equipment focus, low contact time, low customization, low 
discretion, major work being done in back office, and with product focus is categorized 
as mass service. In contrast, SERVF5 (manufacturing and after sales service), having 
people focus, with high contact time, high customization, high discretion, major work 
being done in front office and process focused, is categorized as professional service. In 
similar manner other organizations are classified to the three service types based on the 
dimensions. Table 9.8 provides the matrix of the organizations according to their service 
types.  
Similar to the matrix of success and progress, this matrix will enable our research to 
determine which aspects of implementation have been problematic and require further 
research. The conclusions presented in Table 9.8 provide a reference point for 
explanation of the key findings discussed so far from the analysis of the empirical 
evidence. 
Chapter 9                                                  Discussion and Framework Consolidation 
198 
 
Table 9.8: The matrix of service types  
Professional 
Service 
SERVP1214, SERVF5, SERVF7, SERVF12 
Service 
Shop 
SERVP5, SERVP10, SERVF11,  
Mass 
Service 
SERVF1, SERVF2, SERVF3, SERVF4, SERVF6, SERVF8, SERVF9 
SERVP1, SERVP2, SERVP3, SERVP4, SERVP7, SERVP8, SERVP9, 
SERVP11, SERVP13, SERVP14 
9.3 Codes and Coding 
“Codes are tags or labels for assigning units of meaning to the descriptive or inferential 
information compiled during a study. Coding is analysis. To review a set of field notes, 
transcribed or synthesized, and to dissect them meaningfully, while keeping the relations 
between the parts intact, is the stuff of analysis” (Miles and Huberman, 1984, pp 56). 
Types of codes include descriptive and pattern codes. Descriptive codes provide little 
explanation. Pattern codes are more inferential and explanatory than descriptive codes 
(Miles and Huberman, 1984). In our research descriptive codes are initially generated 
through literature review. They were critical success factors (CSFs), critical-to-quality 
characteristics (CTQs), key performance indicators (KPIs), set of tools and techniques 
(STTs), and difficulties faced by service organizations during Six Sigma implementation. 
As we progressed through surveys and case studies these initial codes were improved and 
finally we came up with critical success factors, measurable process characteristics, 
bottom line results, set of tools and techniques, and barriers to Six Sigma implementation 
in service organizations.  
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 SERVP – Represents service organizations which have partially implemented Six Sigma 
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Pattern codes were also generated initially through literature review but later improvised 
through data collection by surveys and case studies. Table 9.9 provides and list of 
descriptive codes generated following illustration from Miles and Huberman (1984). 
Table 9.9: List of descriptive codes 
Description Codes Code to Research Question 
Critical Success Factors CSFs RQ1 
Critical-to Quality Characteristics / 
Measurable Process Parameters 
CTQs RQ2 
Key Performance Indicators / Bottom-
line Result 
KPIs RQ2 
Set of Tools and Techniques STTs RQ3 
Difficulties/Barriers Barriers RQ2 
Descriptive coding helps in summarizing segments of data followed by pattern coding to 
group those summaries into a smaller number of sets, themes, or constructs. Figure 9.11 




Management commitment and involvement 
Customer focus 
Linking Six Sigma to business strategy 
Education and training 
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Matrix diagram 
Work flow diagram 
Process capability analysis 
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Figure 9.11: List of pattern codes 
Both descriptive and pattern coding helped us in identifying the categories and 
underlying themes. In the finalized framework we used these emerging categories and 
themes which are discussed in the next section. 
9.4 The Framework Consolidation♠ 
The framework involves three sections. First is CSFs, followed by Six Sigma 
implementation, and bottom-line result. The Six Sigma implementation section consists 
of CTQs or measurable process parameters, DMAIC methodology, and STTs.  
The framework has evolved from the initial one discussed in chapter 4 on the basis of 
data collected through surveys, case studies, and continuous referrals with the literature. 
The initial framework developed was a kind of assessment model, i.e. in auditing role 
                                                            
♠
 Part of this work is published in Management Research News, vol. 32 no.7, 2009. 
Barriers Lack of support from team members 
Staff turnover 
Resistance to change 
Not attaching incentives to successful Six Sigma projects 
Long-term sustaining of Six Sigma 
Lack of support from employees not involved in Six Sigma project 
Difficulty in identifying process parameters 
Difficulty in collecting data 
Time consuming effort in collecting data 
Difficulty in identifying proper STTs 
Some tools and techniques are too complex to use and requires more time to learn 
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instead of an evaluative model to understand the dynamics of Six Sigma implementation 
in service organizations (Leonard and McAdam, 2001). There are works by Senapati 
(2004) and more recently by Parast et al. (2007) towards developing an assessment model 
for Six Sigma implementation. Though, both are descriptive in nature and lacks rigorous 
empirical research to support their applicability. We rather feel that a fuller understanding 
of dynamics of Six Sigma in service organizations, using suitable frameworks, will assist 
organizations to evaluate and predict the current and potential business benefits from Six 
Sigma implementation. Also, methods of reenergizing and directing Six Sigma efforts 
will be more specific and accurate. Furthermore there is a paucity of research literature in 
this area. Thus, our research study adds to the body of knowledge. 
Through the development of our research we also found the newness of our topic and 
further so in case of Design for Six Sigma (DFSS), prompted us to refocus our strategy. 
Through small-scale survey we observed that only one organization is using DFSS and 
most of the respondents are not even aware of it. We felt it will be premature to talk 
about DFSS at this stage and is out of scope of our research. The modified framework is 
presented in Figure 9.12.  




Figure 9.12: Conceptual framework for Six Sigma implementation in service 
organizations 
9.4.1 Critical Success Factors (CSFs) 
The idea of identifying CSFs as a basis for determining information needs of managers 
was popularized by Rockart (1979). In the context of Six Sigma implementation, CSFs 
represent the essential ingredients without which the initiative stands little chance of 
success (Antony et al., 2007). Based on this discussion and our findings from literature 
and data collected through surveys and case studies, CSFs are included in our framework. 
There are various CSFs identified but we feel only a few are essential as observed from 
the views of respondents from surveys and case studies.  
First and foremost of CSF is top management commitment and involvement. Once top 
management buys in the decision to implement Six Sigma, they also have to involve 
themselves to ensure success of the program. This is highlighted by the respondents 
during interview sessions. They feel occasional involvement of top management during 
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team meetings will motivate the team members and this will also help in solving certain 
problems which the team members cannot solve at their levels.  
Next is support of team members. Since Six Sigma implementation requires project teams 
so, proper coordination and support between team members is an important aspect. 
Further in case of service organizations, the projects are done part-time so involvement of 
each member in team meetings becomes very important to keep everyone well versed 
about the project. This will also ensure timely completion of the project. 
Linking Six Sigma to business strategy is another CSF which is mentioned both in 
surveys and case studies. This is important as there has to be alignment between the Six 
Sigma projects and company objectives as mentioned by one of the interviewee of 
consultancy service organization. This also ensures top management commitment 
towards Six Sigma program. 
The surveys also highlighted two CSFs which are customer focus and education and 
training. Education and training on Six Sigma will be useful as it will help employees of 
service organization overcome fear on the use of rigorous statistical and quality tools and 
techniques (Nonthaleerak and Hendry, 2008).  
9.4.2 Critical-to-Quality (CTQ) Characteristics  
We also propose definition for CTQ to have a clear distinction with KPI. CTQ can be 
defined as product or service process characteristic derived from critical customer 
requirements whereas KPI as mentioned is more specifically performance metric. The 
following example (adapted from Frings and Grant, 2005) will help in understanding 
about CTQ clearly.  
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In a call center scenario: Customer quote: “I consistently wait too long to 
speak to a representative” CTQ definition: Representative responsiveness; 
CTQ measure: Time on hold (seconds) 
So in order to reduce the ambiguity between terms we use only CTQ which include both 
CTQ definition and CTQ measure. Since CTQ is actually process characteristics so for a 
clear understanding, in the framework we mention it as measurable process 
characteristics. 
The CTQs or measurable process characteristics which are important from service 
organization’s perspective are time, cost, and quality. The study shows that most of the 
Six Sigma projects associated with service organizations are concerned with reduction in 
time. From our analysis of service strategy context we found that cycle time is an 
important CTQ for mass service organizations whereas waiting time is critical for 
professional service organizations. Reduction in cost is concerned with cost of transaction 
and quality is related to improved accuracy in information provided to customer or 
improved reliability of service systems, etc. The most important aspect related to 
measurable process characteristics is our finding that it is context dependant. As our 
research showed that importance of process parameters vary across service types. So to 
overcome the barrier of identification of process parameters it will be useful to position 
service organizations as professional service, service shop or mass service.  
9.4.3 Key Performance Indicators (KPIs) 
It is observed that there is ambiguity about KPI. It is often synonymously used with CTQ.  
The practitioners feel it more as key process input/output variable rather than key 
performance indicator. Key performance indicator is more like performance metric as 
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mentioned in some literature and is strategic in nature. In case of Six Sigma, financial 
benefits or bottom-line result is the most common performance metric (Goh, 2002). So, 
in the conceptual framework instead of key performance indicator, bottom-line result is 
included as the main outcome.  
9.4.4 Set of Tools and Techniques (STTs) 
In general Six Sigma projects utilize a number of tools and techniques in different phases 
of DMAIC methodology. The service organizations utilize specifically lesser number of 
tools and techniques compared to manufacturing (Antony et al., 2007). Our study 
observed that generally organizations mention a number of tools and techniques 
applicable in Six Sigma implementation but closer analysis showed that actually the 
number is quite small. We also found that organizations which have limited success and 
progress with Six Sigma so far use more number of tools and techniques in comparison to 
those service organizations which have moderate progress and success. Based on our 
findings we provide a set of tools and techniques which can act as a guide and provide 
better advice to those attempting to implement Six Sigma in service organizations.          
Table 9.10 provides STTs applicable to specific DMAIC phases for Six Sigma 
implementation in service organizations. 
Table 9.10: STTs for service organizations  
Define Project charter, Brainstorming, Flowchart, Process map, Project 
management  
Measure Cause and effect diagram, Pareto analysis, Brainstorming, Check sheet, 
Histogram, Normal probability plot, Flowchart, Matrix diagram, Work 
flow diagram, Project Management, Process capability analysis 
Analyze Cause and effect diagram, Pareto analysis, Brainstorming, Histogram, 
Normal probability plot, Flowchart, Matrix diagram, Work flow diagram, 
Project management, Analysis of variance, Root cause analysis, Process 
capability analysis, Descriptive statistics 
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Improve Brainstorming, Flowchart, Check sheet, Decision matrix, Project 
management 
Control Control chart, Project management 
9.4.5 Difficulties or Barriers in Six Sigma Implementation 
We also observed that literatures were mainly talking about difficulties or obstacles in 
Six Sigma implementation in service organizations. The reasons cited such as the 
inherent differences between services and manufacturing, or differences in application of 
tools and techniques (Antony et al., 2007; Hensley and Dobie, 2005; Antony, 2004b; 
Benedetto, 2003). There are also views that Six Sigma will not work for every service 
processes, and adjustments may be required for it to suit even for those processes for 
which it does apply (Biolos, 2002). Like much of the literature in this area these obstacles 
discussed are descriptive and does not involve empirical studies for support. Building-up 
on this gap and based on our data collection we identified difficulties faced by service 
organizations during Six Sigma implementation and included them in our framework. 
These obstacles goes beyond the inherent differences between service and manufacturing, 
are practical problems faced by the organizations which may or may not be specific to a 
certain service organization.    
One is between CSFs and Six Sigma implementation. This barrier includes lack of 
support from team members, resistance to change, long-term sustaining of Six Sigma, 
attaching incentives to successful Six Sigma projects, staff turnover, and lack of support 
from employees not involved in Six Sigma project. The second barrier is between 
measurable process characteristics and the methodology. This includes difficulty in 
identifying process parameters, difficulty in collecting data, and time consuming effort in 
collecting data. The third barrier is between STTs and the methodology. This barrier 
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includes difficulty in identifying proper STTs, some tools and techniques are too complex 
to use and requires more time to learn. 
9.5 Conclusion 
The framework developed on the basis of grounded theory methodology, is an attempt to 
understand the aspects of Six Sigma implementation and performance in service 
organizations. The study contributes to Six Sigma knowledge through development of 
theory and building a prescriptive model to advice both managers and scholars attempting 
to implement or study Six Sigma in service organizations. The framework provides a set 
of CSFs, measurable process characteristics, and tools and techniques which will act as a 
guide and also overcome the difficulties or barriers in Six Sigma implementation in 
service organizations. The strength of our study is coming out of the service versus 
manufacturing differences paradigm and highlight the practical difficulties faced by 
service organizations in Six Sigma implementation.  
We also found answers to our research questions. For RQ1 and RQ2, we categorized the 
organizations based on level of success and level of progress and analyzed the aspects of 
Six Sigma implementation for organizations in the two categories. Most of the 
organizations analyzed are in moderate success and moderate progress level. The success 
and progress of these organizations is not only because of high financial benefits but they 
are able to sustain the program for long-term by identifying projects on continuous basis 
and providing training to all levels of employees in the organization. The successful 
organizations are also able to implement Six Sigma throughout the organization.   
Further classifying services based on operations management literature showed that the 
types of organizations which have tasted success in Six Sigma are mainly mass services. 
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The classification also helped us in identifying the preferred tools and techniques used by 
different types of services. The successful organizations used a limited number of tools 
and techniques in comparison to less successful one. The next chapter will conclude by 
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CHAPTER 10 CONCLUSION 
10.1 Introduction 
This thesis has attempted to contribute to the understanding of performance and 
implementation aspects of Six Sigma in service organizations at project level. More 
specifically the aims were to estimate success and progress of Six Sigma organizations 
and to generate knowledge of service organization’s work towards Six Sigma. Three 
research questions were formulated to address these aims, refer Figure 10.1. 
  
Figure 10.1: The research questions formulated to address the aims of this thesis 
The following discussion will outline how the results derived from this study address 
these research questions, and at the same time integrate the findings into the theoretical 
context described within the frame of this thesis. Next section describes in what way our 
analysis address the research questions, and how the research questions are linked with 
the two purposes of this thesis. 
RQ1. What success factors are of importance for succeeding with a Six 
Sigma implementation in service organizations? And how do they 
impact its implementation in services? 
RQ2. How service organizations that have successfully implemented Six 
Sigma worked and what difficulties have emerged during the 
implementation process? 
RQ3. What are the tools and techniques for Six Sigma implementation in 
services? And how they are selected? 
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10.2 Answering Research Questions  
10.2.1 Research question 1  
The Six Sigma literatures focus on financial benefits as the criteria for success of Six 
Sigma implementation. Our research focused not only on financial benefits as a criterion 
of success but several others such as quality awards and perceived success by the 
organization. Progress on Six Sigma implementation is also focused in accordance with 
previous literature. The criteria used for judging the progress was based on total number 
of projects done so far, number of ongoing projects, level of training in organization, and 
years of experience. It is found that most of the organizations are in moderate success and 
progress stage in Six Sigma implementation.  
Studies by Antony et al (2007) and Antony (2004b) have so far not explored in this area 
and more specifically related to service organizations. Their study focus was mainly on 
exploration of critical success factors (CSFs), and tools and techniques through survey. 
Nonthaleerak and Hendry (2008) made an attempt through case studies in evaluating the 
success and progress of organizations who have implemented Six Sigma. Their research 
highlighted the need for full-time involvement of BBs but it will depend on specific 
conditions and also on nature of involvement from top management. They also stressed 
the need for understanding these aspects in service organizations.     
We found that the organizations which have succeeded or progressed so far have high 
level of commitment and involvement from top management; they are able to generate 
projects on continuous basis, and have Six Sigma training throughout the organization. 
The tools and techniques used by successful organizations are far less compared to those 
who are still striving for success. This shows that successful organizations are able to 
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narrow down to specific set of tools and techniques (STTs) irrespective of the projects 
they are executing. Analysis on the basis of service process classification highlighted that 
mass services are in majority in Six Sigma implementation and they also are successful 
and progressive.  
This part of our study has both strengths and weaknesses. One weakness is the question 
of contextual aspects since these have been difficult to consider when analyzing the 
findings. Contextual aspects such as corporate culture or quality culture are important due 
to their influence on individual characteristics, such as attitude and expectations. The 
contextual aspects may be considered to be unique to each organization, due to, e.g. 
organization history with quality management practices, type of business and 
environment. Therefore, contextual issues are difficult to take into account in the studies. 
An organization aiming at implementing Six Sigma must consider its context when 
making implementation efforts. The focus on specific context is beyond the scope of this 
thesis. One of the major strengths is that the findings are based on several sources such as 
findings from small-scale survey, multiple-case study, large-scale survey, and 
implications of comprehensive theoretical studies on Six Sigma and service literature.  
10.2.1.1 Critical Success Factors (CSFs) 
The work highlighted that top management commitment and involvement is indeed an 
important CSF and continuity of Six Sigma very much depends on it. This is very much 
visible through a comment by one of our respondents of large-scale survey. 
“7 projects in the first wave which are currently being resolved.  Only 
2 projects are scheduled for second wave because our new CEO 
doesn’t believe in Six Sigma.” 
Chapter 10                                                                                                                        Conclusion 
213 
 
Involvement of top management helps in “overcoming problems which the employees at 
their levels are not able solve” as evidenced from a quote by one of the interviewee of 
one case study. Other CSFs such as education and training, customer focus, cultural 
change, etc. are highlighted by respondents of surveys and from case studies. One notable 
observation is the variation in preference in CSFs according to service types. For 
example, customer focus has high average score in professional service in comparison to 
mass services. Possible reason for such a variation may be due to difference in customer 
contact time between professional and mass services. This implies that there are certain 
CSFs which are context dependent.   
Previous research, see Nonthaleerak and Hendry (2008); Antony (2006); Brady and Allen 
(2006); Coronado and Antony (2002); Antony and Banuelas (2002) has talked about 
CSFs for Six Sigma implementation. The literature highlights several CSFs required for 
successful Six Sigma implementation in organizations. The drawback is lack of rigorous 
empirical research about CSFs and not being specific for service organizations. 
The strength of our work is providing empirical evidence and also focusing on the nature 
and frequency of certain CSFs. This helped in identifying the relative importance of 
certain CSFs and the issues involved related to service organizations. One weakness of 
our work is not able to concentrate on few CSFs and study there importance in contexts. 
This is probably because our research is exploratory in nature and is focused on building 
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10.2.2 Research question 2 
10.2.2.1 Service Organizations and Six Sigma Implementation 
The literature on Six Sigma in services till now is focused with success stories in 
healthcare and banking sector. Analysis of respondents from our surveys and case studies 
shows Six Sigma implementation is gradually picking-up in different types of service 
organizations. The organizations range from information technology, after sales service 
in manufacturing organization, transportation to utility services and education. Some of 
these are successful while some are still lagging behind. Overall, there is a feeling that 
Six Sigma is slowly and steadily penetrating in service organizations.  
Identification of process parameters for Six Sigma implementation in service 
organizations is highlighted as major difficulty in literature. The analysis showed that the 
organizations which have already implemented it do not find it a major obstacle. The 
CTQs observed from our study is mainly related to time. This time is related to cycle 
time, service time, turnaround time, waiting time, response time to customer complaints, 
etc. Analysis on the basis of service types highlighted that for mass service, waiting time 
is not a major CTQ, considering customer contact is low in such services. Waiting time is 
a major CTQ for professional services, because of their having high customer contact. 
Though limited data restricts us to generalize this finding, but still it has provided a trend 
which will be useful to explore further. 
The finding on KPI is an important aspect of our research. The literature review 
highlighted the ambiguity about KPI and being sometime used synonymously with CTQ. 
The case studies and large scale survey helped us understanding the two viewpoints of 
KPI. Majority is with the strategic nature of KPI, where it is understood as key 
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performance indicator. KPIs are set internally and Six Sigma is implemented in the 
organization if it links with the organizations’ KPIs. This probably answers the reason 
behind high preference for linking Six Sigma with business strategy as a CSF. The second 
interpretation of KPI is key process input. In Six Sigma implementation this is the way 
KPI is interpreted by practitioners and that is where it becomes synonymous with CTQ. 
So, to reduce ambiguity we suggest using the term measurable process parameters 
instead of CTQ and financial benefit as performance metric, since it is widely mentioned 
in literature and easily understood by practitioners.  
Referring to previously conducted research on service organizations and Six Sigma, one 
common argument is that service has inherent differences with manufacturing (Hensley 
and Dobie, 2005; Antony, 2004a; Benedetto, 2003; Sehwall and De Yong, 2003), which 
negatively affects their conditions for a successful implementation. However, the findings 
of our study do not point to inherent differences as an obstacle for service organization’s 
Six Sigma efforts. The negative aspects to do with Six Sigma implementation is part-time 
involvement in Six Sigma projects, staff turnover during projects or after training, 
extension of project time line and in some cases data collection.  
Strength of the study is that our data also include organizations which have received a 
quality award (national, regional, international) because of their Six Sigma efforts. As a 
result we were able to assess their success and progress and found out the aspects which 
make them successful. One weakness however is that we do not have enough data from 
surveys and there were few opportunities to make deeper studies of the underlying causes 
of the apparent structure of the empirical findings. 
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10.2.3 Research question 3 
10.2.3.1 Set of Tools and Techniques (STTs) 
 The findings from our analysis indicate what tools and techniques are mainly used and 
how they are selected for Six Sigma implementation in service organizations. The 
selection criteria of tools and techniques are mainly based on nature of project(s), nature 
of data collected, etc. The important finding is the selection of tools and techniques based 
on familiarity of BBs or project leaders with certain cluster of tools and techniques and in 
some cases suggestion from external consultant. This implies the subjective nature of 
selection of tools and techniques in Six Sigma implementation. The previous research 
see, Antony et al. (2007); Antony (2006); De Koning and De Mast (2006); Henderson 
and Evans (2000) has not focused much on selection criteria and mainly limited to some 
specific such as nature of project(s) and nature of data collection and lack empirical 
evidence. 
There is less use of statistical tools and techniques by service organizations in Six Sigma 
implementation. This finding confirms with the literature. The findings of the present 
study point to difference in usage of tools and techniques between successful and not so 
successful organizations. The successful organizations utilize less number of tools and 
techniques in comparison to less successful organizations. There is similar pattern for 
organizations which have implemented Six Sigma throughout the organization compared 
to those who have done it partially. This implies that organizations which are planning to 
implement Six Sigma can refer to the tools and techniques utilized by the successful 
organizations and then plan accordingly.  
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The strength of our research is in identifying a set of tools and techniques which will be 
useful for Six Sigma implementation in service organizations. Exploratory nature of our 
research restricted concentration on specific tools and techniques.  
10.3 Formulation of a Theory 
Theory building through Grounded Theory methodology has different interpretations. 
Whether the results emerging from qualitative research is qualified as theory regarding 
that there exist wide plurality of definitions of theory that include explanation, argument, 
reflection, orienting principles, crafted knowledge, epistemological presuppositions, and 
more, see e.g. Thomas and James, 2006; Cicourel, 1979; Martindale, 1979. Given this 
diversified definitions we felt our research also resulted in theory development related to 
Six Sigma implementation in service organizations.  
By using qualitative analysis technique, we are able to find empirical support for critical 
success factors, measurable process parameters, tools and techniques, bottom line result 
and difficulties in Six Sigma implementation in service organizations. There exist 
different configurations of Six Sigma implementation for discriminating between high 
and low performance depending on the significance attributes to performance 
dimensions. This is in line with the systems approach to fit that upholds the criticality of 
the internal consistency of each design and match between the structural patterns of 
practices to the contingencies facing the organization.  We are able to show which are the 
CSFs required for Six Sigma implementation at project level and how these CSFs can 
help in overcoming barriers observed at different phases of Six Sigma projects in service 
organizations. The research also highlights a set of tools and techniques used in Six 
Sigma projects and also explain the selection criteria for these STTs. One of the 
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important developments is related to the interpretation of the term KPI related to Six 
Sigma at project level. KPI is better understood as key process input or output variables 
at Six Sigma project level and key performance indicator at strategic level in an 
organization. Last but not the least, understanding of the practical problems faced by 
service organizations during Six Sigma projects is a major contribution of our research 
since we feel this was one of the important missing links in existing literature.  
The results of the inclusion of contextual issues (e.g. service types: professional services, 
service shop, mass services) in our analysis suggests that Six Sigma implementation 
should be coordinated within the contextual limits of service organization. Thus, we 
propose a theoretical framework which holds that by understanding the unique nature of 
service organizations, implementation of Six Sigma will lead to higher levels of 
organization performance.      
10.4 Contribution to Research Process 
We hope that this study encourages investigation of Six Sigma implementation in service 
organizations and promote rigorous development and explicit articulation of theories. It is 
necessary to increase theory development related to Six Sigma implementation that is 
grounded on relevant established theories and empirical evidence from related 
disciplines. So that empirical investigations of related phenomenon can be integrated into 
the building and modification of useful and interesting theories. 
This study demonstrates the value of methodological triangulation in the development of 
framework and theory of Six Sigma implementation in service organizations using 
literature review, surveys, and case-based research. The use of different methods of 
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investigation provides complimentary assessment of the same issues and brings out 
salient details that cannot be obtained by a single method of analysis. 
The case-based research draws attention to the existence of contingencies and the need to 
further investigate the ambiguous role of contextual factors in affecting Six Sigma 
implementation in service organizations. Studies by Nonthaleerak and Hendry (2008); 
Schroeder et al. (2008); Antony (2004) prescribes that Six Sigma can be implemented in 
service organizations, our study suggests that the implementation and impact of Six 
Sigma can be affected by contextual factors such as service types. In this study, we also 
developed scales of Six Sigma success and progress and also used existing criteria of 
service types proposed by Silvestro et al. (1992). The resulting scales can be used in 
subsequent studies to investigate other issues involving Six Sigma implementation in 
service organizations. Researchers should try to use existing scales to further validate and 
refine the measurements for Six Sigma implementation in service organizations.  
In summary, this research contributes to theory-grounded empirical research. This is a 
worthwhile endeavour because contributions to valid and reliable measurements and 
explicit theory development help lay a foundation for future Six Sigma implementation 
studies. By identifying and testing theories we encourage the development of a stream of 
cumulative research. 
10.5 Contribution to Practice 
This study offers conceptual clarity and specificity on Six Sigma implementation in 
service organizations, managers can use a guideline for choosing the fundamental 
practices that they can implement. We provide conceptual and empirical evidence on 
CSFs, measurable process characteristics, STTs, and difficulties faced by service 
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organizations, encouraging managers to plan and implement Six Sigma with a systematic 
view of service environment. Furthermore, there is empirical evidence of the importance 
of committed and involved leadership in the implementation of Six Sigma in service 
organizations. We also find that a general emphasis on company-wide Six Sigma projects 
is significant in differentiating high and low performance.  
We find that service types are a significant differentiator of Six Sigma implementation 
performance. Mass services have widely used Six Sigma projects in comparison to 
professional services and service shop. Our empirical analyses show that while contextual 
factors should be taken into account, the implementation of Six Sigma provides greater 
differentiation of performance. Thus, service organizations can follow our conceptual 
framework to enhance bottom-line results through Six Sigma implementation irrespective 
of service types.     
10.6 Final Discussion and Future Directions   
The study has shown that there is a relationship between successful Six Sigma 
implementation and financial performance. The study also reveals that there are common 
features of the implementation of process of Six Sigma in service organization context. 
However there are still several areas that require further investigation related to these 
findings. 
10.6.1 Six Sigma Implementation and Success, Progress, and Service 
Types 
Six Sigma and organizational success, progress can be further studied based on the 
specific service types. The studies can involve the organizations included in the 
investigation, in order to study whether the advantageous financial performance of Six 
Sigma projects also holds in a longer perspective. Advantageous financial performance 
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might be considered a major encouragement for commitment and motivation among 
employees and management. Since their commitment and involvement is vital areas for 
sustaining Six Sigma, see Goh (2002), maintained advantageous financial performance is 
vital for the future progress of Six Sigma. Furthermore one could include other 
organizations from individual service types, which have won quality awards or reached a 
certain level in the assessment, in order to enlarge the empirical foundation and further 
outline how different levels of Six Sigma implementation affect financial performance.  
The present investigation of estimation of Six Sigma success and progress might also be 
complemented by studies designed to analyze more clearly the possible causal links 
leading to increased success and progress. Additionally, an investigation aiming at 
exploring major Six Sigma achievements, e.g. increased customer satisfaction, reduction 
in cycle time or waiting time, among organizations that successfully implemented Six 
Sigma and studying their link to financial figures, could further explore the relationship 
between Six Sigma and success and progress. Also, a study of the major areas of costs 
when implementing Six Sigma compared with possible gain, and put in a relation to 
financial benefits after implementation, will possibly add supplementary information 
important for facilitating the understanding of the relationship between Six Sigma and its 
success and progress. 
Furthermore, investigations based on individual service types and the effect on success 
and progress would further complement the findings presented within the framework of 
this thesis. 
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10.6.2 Six Sigma Implementation and Service Organizations 
When considering the process of Six Sigma implementation in service organizations, 
several interesting opportunities could be mentioned for expanding the findings of the 
study. One appealing approach would be to do a longitudinal study in one or several 
service organizations that intend to start Six Sigma implementation in order to follow the 
implementation process in a more detailed manner and without being forced to totally 
rely on historical and personal information. A major problem with such a study might be 
that the outcome of the implementation efforts is not necessarily successful, i.e. the 
researcher will not know at the beginning that the study will investigate a successful Six 
Sigma implementation. If the studied organization(s) do not succeed in implementing, the 
findings may outline problems and reasons although not as reliable implications for 
successful implementation as the findings could have resulted otherwise. 
Several core values of Six Sigma focus to a large extent on intangible factors related to 
e.g. support of team members, education and training, and top management issues. At the 
same time many of the concrete components, e.g. process parameters, tools and 
techniques, are more focused on tangible factors, of which some tools and techniques are 
statistical in nature and are not readily acceptable in service organizations. By making 
studies, with an increased focus on how service organizations which have implemented 
Six Sigma, address and develop intangible factors, and linking the findings to a further 
developed version of the implementation framework presented in chapter 7, an 
implementation framework even more adapted to service organizations could be created.  
On the other hand, although the service organizations studied have implemented Six 
Sigma using CTQs, and STTs, with a focus on intangible factors, it is also very important 
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to help service organizations to introduce and use different statistical tools and techniques 
to support and facilitate the handling and control of variation in process parameters in 
different ways. An interesting area is therefore, how to support service organizations’ use 
of statistical tools and techniques. An approach might be to focus on a specific branch or 
sector in the service organization context. This will help to build a more specific 
background of the service organizations’ characteristics within the chosen frame. By 
making such a study the specific characteristics of the included service organizations 
could be more accurately put in relation to their implementation process. Consequently, 
an increased consideration of contextual issues might be obtained. 
Finally, the data collected for this study used the key informant approach (Bonner et al., 
2002; Kumar et al., 1993). Therefore, all conclusions should be interpreted with this 
possible bias in mind. In addition although the reviewers in the pre-test did not find the 
survey questionnaires difficult to do, it was found that some of the questions are difficult 
to understand by some of the respondents. It was likely that the respondents who 
answered the surveys were more interested in Six Sigma than the non-respondents. 
Future studies with multiple respondents are recommended in which respondents come 
from different seniority and functional areas. 
10.7 Conclusion 
Six Sigma as a quality management practice is gaining importance in service 
organizations. Literature review shows that Six Sigma is mainly implemented in 
healthcare and banking service organizations. There is limited literature exploring Six 
Sigma implementation in service organizations and lacks rigorous empirical approach. 
Our study findings suggest Six Sigma implementation in different service organizations 
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such as information technology, transportation, utilities, etc. Further most of these 
organizations are in moderate success and moderate progress category regarding Six 
Sigma implementation. On the basis of service types, it is found that most of the 
organizations are mass services. 
Exploration of Six Sigma aspects in service organizations showed the importance of top 
management commitment and involvement along with some other CSFs. It is also 
observed that CSFs, CTQs, and STTs are to a certain extent depends on service types. 
There is some variation in CSFs, CTQs, and STTs across service types. The use of tools 
and techniques showed that successful organizations use limited number of tools in 
comparison to less successful organizations. One of the most significant finding is about 
KPI. The terms interpretation is best understood from strategic viewpoint. From the 
perspective of Six Sigma KPI is similar to CTQ and can be interpreted as process 
parameter. Another finding is about the difficulties faced in Six Sigma implementation by 
service organizations, which shows rather than the difficulty of data collection; part-time 
involvement, extension of project timeline, and staff turnover during projects or after 
training are the major difficulties. Unknown to us as a reason for not implementing Six 
Sigma prompts us to further understand the unique nature of service organizations and 
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www.asq.org/pub/sixsigma (Six Sigma Forum Magazine) 
www.qualitydigest.com (Quality Digest Magazine) 
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The descriptors used in the table below are discussed in section 2.3. The complete references to the articles are provided in reference 
section. 
 















1.  Anand, R. B. et al. Journal 2007 TA A M N 0 
2.  Anonymous Journal 2002 LR NA G N 0 
3.  Anonymous Magazine 2007 C NA G N 0 
4.  Anonymous Journal 2005 LR NA G N 0 
5.  Anonymous Magazine 2003 TA NA S N 0 
6.  Antony, J. Magazine 2004a LR A G N 0 
7.  Antony, J. Journal 2002 LR A G N 0 
8.  Antony, J. Journal 2006 TA A S Y NA 
9.  Antony, J. Journal 2004b S A S Y 0 
10.  Antony, J. and Banuelas, R. Journal 2002 LR A G Y 0 
11.  Antony, J. and Coronado, R. B. Magazine 2002 LR A G N 0 
12.  Antony, J. et al. Journal 2007 TA A S Y NA 
13.  Antony, J. et al. Magazine 2004b TA A G N 0 
14.  Antony, J. et al. Journal 2005b S A M Y 0 
15.  Antony, J. et al. Conference 2005a CS A M N 0 
16.  Antony, J. et al. Journal 2004a CS A M N 0 
17.  Arnheiter, E. and Maleyeff, J. Magazine 2005 C A G N 0 
18.  Arvidsson, M. et al. Journal 2003 CS A M N 0 
19.  Badri, M.A. et al. Journal 1995 TA A G N 0 
20.  Banuelas, R. and Antony, J. Magazine 2003 TA A G N 0 
21.  Banuelas, R. et al.  Journal 2005 TA A M N 0 
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22.  Bayazit, O. Magazine 2003 CS I M N 0 
23.  Beaver, R. Magazine 2004 TA I S N 0 
24.  Behara, R. et al. Journal 1995 CS I M N 0.368 
25.  Benedetto, A.R. Journal 2003 TA A S N 0 
26.  Berryman, M.L. Magazine 2002 C I G N 0 
27.  Binder, R. Magazine 1997 LR I G N 1.462 
28.  Biolos, J. Journal 2002 TA A S N 0 
29.  Bott, C. et al. Conference 2000 CS I S N 0 
30.  Brady, J.E. and Allen, T.T.  Journal 2006 LR A G Y 0.5 
31.  Buss, P. and Ivey, N. Conference 2001 TA I M N 1.749 
32.  Butterfield, A. et al. Magazine 2003 TA I M N 0 
33.  Byrne, G. and Norris, B. Magazine 2003 C I G Y 0 
34.  Cain, D.  Magazine 2005 TA I M N 0 
35.  Catherwood, P. Magazine 2002 LR I G N 0 
36.  Caulcutt, R. Journal 2001 LR A G Y 0.222 
37.  Chen, K. S. et al. Journal 2007 TA A M N 0 
38.  Chen, K. S. et al. Journal 2006 TA A M N 0.5 
39.  Chen, S. et al. Journal 2005 CS A M N 0 
40.  Cho, J.H. and Jang, J.S. Conference 2006 S I G Y NA 
41.  Chua, R.C.H. Magazine 2001 LR I G N 0 
42.  Chua, R.C.H. and  Yun, J.Y.  Magazine 2002 CS I M N 0 
43.  Clifford, L. Journal 2001 CS I G N 0 
44.  Cole, D. and Baron, J.  Magazine 2003 LR I M N 0.378 
45.  Connolly M. Magazine 2003 CS I M N 0 
46.  Connor, G.  Journal 2003 CS I M N 0 
47.  Coronado, R. B. and Antony, J. Magazine 2002 LR A G Y 0 
48.  Daniels, S. E. Magazine 2005 TA I G N 0 
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49.  Dassau, E. et al. Journal 2006 TA A M N 0 
50.  Davig, W. et al. Journal 2003 TA A M N 0 
51.  De Feo, J.A. and Bar-El, Z. Journal 2002 C I G N 0 
52.  De Koning, H. and De Mast, J. Journal 2006 TA A G N 0 
53.  De Mast, J. Journal 2004 C A G N 0 
54.  Deshpande, D. et al. Magazine 2004 CS I M N 0.053 
55.  Deshpande, P. et al. Journal 1999 LR A G N 0.33 
56.  Doble, M.  Magazine 2005 TA A M N 0 
57.  Does, R. et al. Journal 2002 C A G N 0 
58.  Dolloff, J.  Journal 2004 LR I M N 0 
59.  Dudman, L. Magazine 2005 CS I M N 0 
60.  Duncan, J.  Magazine 2005 TA I G N 0 
61.  Easton, A. L. and Howe, M. L.  Journal 1999 TA I G N 0 
62.  Echempati, R. and White, C. Journal 2000 CS A M N 0.178 
63.  Ehie, I. and Sheu, C.  Journal 2005 CS A M N 0.561 
64.  Ferryanto, L. Magazine 2005 LR I G N 0 
65.  Finn, G.  Magazine 1999 LR I G N 0.053 
66.  Fornari, A. and Maszle, G. Magazine 2004 CS I M N NA 
67.  Frantz, K.  Journal 2001 CS I G N 0.018 
68.  Frings, G.W. and Grant, L. Journal 2005 TA A S N 0 
69.  Fuller, H.  Journal 2000 CS I M Y 0.018 
70.  Fundin, A.P. and Cronemyr, P. Magazine 2003 TA I S N 0 
71.  Goffnet, S.P. Journal 2004 TA A G N 0 
72.  Goh, T.N.  Journal 2002 TA A G Y 0.5 
73.  Goh, T.N. and Xie, M.  Journal 2004 LR A G N 0 
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74.  Gupta, P.  Magazine 2001 TA I G N 0 
75.  Hagemeyer, C. et al. Journal 2006 CS A M N 0.225 
76.  Hahn, G. J. Journal 2005 CS A G N 0.5 
77.  Hahn, G.J. et al. Journal 2000 TA I G N 0 
78.  Hahn, G.J. et al. Journal 1999 LR A G N 0.829 
79.  Hargrove, S.K. and Burge, L. Conference 2002 TA A S N 0 
80.  Harrington, H.J. and Trusko, B. Journal 2005 TA I S N 0 
81.  Harrold, D. and Bartos, F.  Journal 1999 TA I M N 4.803 
82.  Henderson, K.H. and Evans, J.R. Journal 2000 CS A G Y 0 
83.  Hendricks, C.A. and Kelbaugh, R.  Journal 1998 TA I M N 0 
84.  Hensley, R. and Dobie, K. Journal 2005 TA A S N 0 
85.  Heuvel, J. et al. Magazine 2005 TA A S N 0 
86.  Hill, W.J. and Kearney, W. Magazine 2003 TA I M N NA 
87.  Ho, H.L. and Chuang, C.C. Journal 2006 TA A S Y 0 
88.  Holtz, R. and Campbell, P.  Journal 2004 TA I M N 0.493 
89.  Horst, R. L.  Magazine 1999 TA I G N 0.053 
90.  Horst, R. L.  Magazine 2004 TA I M N 0.053 
91.  Hwang, Y.  Journal 2006 C A M N 0.5 
92.  Inozu, B. et al. Journal 2006 TA A M N 0 
93.  Johnson, A. and Swisher, B. Magazine 2003 TA I G N 0 
94.  Johnson, K. Magazine 2005 TA I S N 0 
95.  Johnstone, P.A.S. et al. Journal 2003 CS I S N 0 
96.  Jones Jr., M.H. Magazine 2004 CS I S N 0 
97.  Kazmer, D. et al. Conference 2002 CS A G N NA 
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98.  Kenett, R. et al. Journal 2003 CS A G N 0.5 
99.  Khoo, N.K. Conference 2004 TA I S N 0 
100. Kim, H. S. et al. Journal 2003 TA A M N 0 
101. Klefsjo, B. et al. Journal 2001 C A G N 0 
102. Knowles, G. et al. Magazine 2004 CS A M N 1.011 
103. Knowles, G. et al. Journal 2003 CS A M N 0.378 
104. Knowles, G. et al. Journal 2005 TA A G Y 0 
105. Krupar, J. Journal 2003 TA I S N 1.462 
106. Kumar, M. et al. Journal 2006a LR A M N 0 
107. Kumar, M. et al. Journal 2006b CS A M N 0 
108. Kwak, Y.H. and Anbari, F.T. Journal 2006 LR A G N 1.004 
109. Lasky, F. and Boser, R.  Magazine 1997 TA I M N 0.45 
110. Lazarus, I.R. and Butler, K. Magazine 2001 TA I S N 0 
111. Lazarus, I.R. and Stamps, B. Magazine 2002 TA I S N 0 
112. Lee-Mortimer, A. Journal 2006a CS I M N 0 
113. Lee-Mortimer, A. Journal 2006b CS A M N 0 
114. Lucier, G. and Seshadri, S. Journal 2001 CS I S N NA 
115. Mahesh, M. et al. Journal 2006 TA A M N 0.5 
116. Maleyeff, J. and Krayenvenger, D. E. Journal 2004 TA A M N 0 
117. Martin, K. Magazine 2006 LR I G N 0 
118. Mc Adam, R. and Evans, A. Journal 2004 CS A M N 1.78 
119. McAdam, R. and Lafferty, B.  Journal 2004 CS A G N 0 
120. McAdam, R. et al. Journal 2005 LR A G N 0 
121. McCarthy, B. and Stauffer, R.  Conference 2001 TA A M N 0 
122. McCarthy, T.D. and Fisher, S.A.  Journal 2007 LR A G N 0 
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123. Mitra, A. Magazine 2004 LR A G N 0 
124. Munro, R. Magazine 2000 TA I M N NA 
125. Murugappan, M. and Keeni, G. Journal 2003 CS I S N 0 
126. Neely, A. et al. Journal 1995 LR A M N 0.368 
127. Nourse, L. and Hays, P. Journal 2004 CS I S N 0 
128. Oke, S.A. Journal 2007 LR A G Y 0 
129. Olexa, R. Journal 2003 CS I M N 0.56 
130. Pannell, A. Magazine 2006 C I G N 0 
131. Parast, M.M. et al. Magazine 2007 C A G N 0 
132. Patton, F. Magazine 2005 TA I S N 9.723 
133. Pfeifer, T. et al. Journal 2004 C I G N 0 
134. Pheng, L.S. and Hui, M.S. Journal 2004 TA A M N 0 
135. Plotkin, C.  Conference 1999 LR I G N NA 
136. Prasun, D. Journal 2005 TA A M N 0 
137. Profile, M. and View, H. Journal 2003 CS I G N 0 
138. Quinn, M. Magazine 2004 CS I M N 0.053 
139. Raisinghani, M.S. et al. Journal 2005 LR A G N 0 
140. ReVelle, J.B. Magazine 2004 TA I G N 0 
141. Rosenberg, A. Magazine 2005 C I G N 0 
142. Rowlands, H. and Antony, F.  Journal 2003 CS A M N 0.844 
143. Rucker, R. Journal 2000 CS I S N 0 
144. Schmidt, M. and Aschkenase, S. Magazine 2004 CS I S N 0 
145. Schroeder, R.G. et al. Journal 2007 CS A G N 1.851 
146. Sehwall, L. and De Yong, C. Journal 2003 TA A S N 0 
147. Sekhar, H. and Mahanti, R. Journal 2006 CS A M N 0 
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148. Senapati, N.R. Journal 2004 LR A G N 0 
149. Seow, C. and Liu, J. Conference 2006 CS A M N 0 
150. Sharma, U. Magazine 2003 CS I M N 0.476 
151. Sharrock, R. Magazine 2007 CS I M N 0 
152. Smith, B. Journal 2003 CS I M N 0 
153. Smith, L.R. Magazine 2004 LR I G N 0 
154. Smith, L.R. Magazine 2001 TA I M N 0 
155. Stamatis, D.H.  Magazine 2000 CS I G Y 0 
156. Starbird, D. Conference 2002 TA I G N NA 
157. Su, C. T. et al. Journal 2005 TA A M N 0 
158. Swarbrick, B.  Journal 2007 LR A M N 0 
159. Thomas, A. and Barton, R. Journal 2006 TA A M N 0 
160. Tong, J. P. et al. Journal 2004 TA A M N 0.053 
161. Tonk, H. S. and Sharma, V. Magazine 2004 LR I G N 0.053 
162. Treichler, D. et al. Magazine 2002 TA I G N 0 
163. Tsou, J. and Chen, J.  Journal 2005 TA A M N 0.561 
164. Tylutki, T. and Fox, D.  Magazine 2002 CS I M N 0 
165. Vavra, B.  Magazine 2007 C I M N 0 
166. Watson, G. Magazine 2002 C I G N NA 
167. Wessel, G. and Burcher, P.  Magazine 2004 TA A M N 0 
168. Wiklund, H. and Wiklund, P.S. Journal 2002 LR A G N 0 
169. Wilson, N. Magazine 2005 TA I S N 0 
170. Woodall, T. Journal 2001 LR A G N 0 
171. Woodard, T.D. Journal 2005 TA A S N 0 
172. Woods, J. Journal 2001 CS I S N 0 
173. Wyper, B. and Harrison, A. Journal 2000 CS I S N 0 
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174. Yamada, S. Conference 2005 C A G N NA 
175. Yeung, A. et al. Journal 2003 TA A M N 1.851 
176. Young, J. Magazine 2001 CS I S N 0.5 
177. Young, T. et al. Journal 2004 TA A S N 0 
















































 National University of Singapore 
Department of Industrial and Systems Engineering 
 
1 Engineering Drive 2, Singapore 117576 
Tel: (65) 6516 2203  Fax: (65) 6777 1434 
Website: www.eng.nus.edu.sg/ise 















We are writing to invite your company to participate in a study on the application of Six 
Sigma in service organizations.  The purpose of this project is to understand the extent of 
six sigma usage in service industries.  We hope the findings would lead to further 
applications and new uses for Six Sigma. 
 
We would be grateful if you or your employee in charge of six sigma deployment (e.g., 
Master Black Belt or Black Belt) can complete the enclosed questionnaire.  All responses will 
be treated in strict confidence.  No company or individual will be revealed. 
 
The questionnaire should take less than 15 minutes to complete.  You may submit the 
completed questionnaires either by fax or by mail using the envelopes provided, preferably 
within next 2 weeks.  We will be happy to send you a summary of the findings should you 
indicate so.  
 
If your company is not engaged in six sigma implementation at this stage, we will 
appreciate if you can return the form to us by answering only “Section E” on the last 
page. 
 
Please do not hesitate to contact us if you need further information.  We keenly look forward 
to hearing from you.  On behalf of the research team, we appreciate your valuable time and 





Ayon Chakrabarty                                                                  Assoc Prof Tan Kay Chuan 
Tel: (65) 6516 6514                                                             Tel: (65) 6516 3128                 
Fax: (65) 6777 1434                                                              Fax: (65) 6777 1434 






 National University of Singapore 
Department of Industrial and Systems Engineering 
 
1 Engineering Drive 2, Singapore 117576 
Tel: (65) 6516 2203  Fax: (65) 6777 1434 
Website: www.eng.nus.edu.sg/ise 
















Three weeks ago, we sent you a questionnaire on the application of Six Sigma in service 
industries. If you have completed and returned the questionnaire to us, please accept our 
sincere thanks. If not, we would appreciate if you could complete and return them as soon as 
possible. This survey has been sent out to various service organizations; your information is 
very important to our study. You may submit the questionnaire either by fax or mail using the 
envelopes provided. Should you wish we will send you a summary of the findings.   
 
If for any reason you do not have the questionnaire, we have enclosed a set of the 
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Ayon Chakrabarty 
Department of Industrial and Systems Engineering 
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The questionnaire should take less than 15 minutes to complete. If requested, respondents 
who participate in this study will receive a summary of the results of this survey, which may 
provide new insights into the application of Six Sigma in the company like yours. For this 
purpose, please complete the information at the end of the questionnaire. All informations will 
be kept strictly confidential.  
 
There are 5 sections in this questionnaire. Please answer every question in each section. When a 







Your service area 
  Banking/Finance              Consultancy               Retail 
 
 Hospitality/Hotel             Healthcare                  Insurance   
 
 Information Technology                    Transport                                                            
 
 Telecommunication                           Employment Agency 
 
 Utilities: Power, Gas or Water Supply 
 
 Others (please specify):_____________________________ 
 
Number of full-time 
employees in your 
company 
 1 – 19                       20 – 49                          50 – 99          
 
 100 – 199                 200 – 499                      500 – 999 
 
 1000 – 1999             2000 – 4999                  5000 – 10000 
 
 > 10000 
Type of your company 
 Multinational Company                              Local Company 
 
 Joint Venture 




Does your company have 
a quality department 
  Yes                                                              No                      
Number of full-time 
employees in the Quality 
Department of your 
company 
 1 – 19                        20 – 49                         50 – 99          
 
 100 – 199                  200 – 499                     500 – 999 
 
 1000 – 1999              2000 – 4999                 >5000 
Do you have any of the 
following formal quality 
systems in place 
 ISO 9001                     ISO 9002                 ISO 9003 
 
 ISO 9004                     Others (please specify): 
                                           ___________________________ 
 
Business improvement 
initiatives implemented in 
your company  
 Quality Assurance         Total Quality Management 
 
 Quality Control             Business Process Reengineering 
 
 None                             Others (please specify):  
 
                                           ___________________________ 
 
Has Six Sigma been 
implemented in your 
company * 
 Yes                              Partially                              No  
 
If your answer to this question is “No” then please proceed to “Section E”. No need to answer 
other sections. Thanks for your cooperation.  
 
 
1. How long has your 
company been using the 
Six Sigma initiative 
    < 1 Year                                              1 – 3 Years 
 
    3 -5 Years                                          > 5 years 
2. Average sigma 
capability level of your 
core business processes 
    < 1 Sigma                   1 – 2 Sigma             2 – 3 Sigma  
  
    3 – 4 Sigma                4 – 5 Sigma             > 5 Sigma    
 
    Not Sure   
3. Percentage of your 
business process are you 
applying Six Sigma 
    < 25%                                                   25% – 50%                     
    50% – 75%                                           75% – 100%    
4. How many Six Sigma 
projects have your 
company completed 
    < 10                            10 – 20                    20 – 30  
 
    30 – 40                       40 – 50                    > 50     
5. Estimated cost of poor 
quality as a percentage of 
sales revenue 
    < 5%                           5% – 10%               10% – 20% 
 







This section attempts to identify the key drivers which are required while implementing Six 
Sigma in your organization. Please encircle the appropriate number according to the given 
criteria. 
 
Scale 1 2 3 4 5 








6a. Management commitment and 
involvement 
 
Top management involvement on 
projects 
1                   2                  3                4                5        
Project approval by top management 1                   2                  3                4                5  
Understanding the Six Sigma 
philosophy 
1                   2                  3                4                5  
Budget and resources allocation for 
training 
1                   2                  3                4                5  
Budget and resources allocation for 
projects 
1                   2                  3                4                5  
6b. Company-wide commitment  
Employees involvement on projects 1                   2                  3                4                5  
Linking employee’s performance to Six 
Sigma objectives 
1                   2                  3                4                5  
Offering bonuses for successful projects 1                   2                  3                4                5  
Linking employee’s promotion to Six 
Sigma training 
1                   2                  3                4                5  
6c. Management of cultural change   
Demonstrating the need for the change 
to employees 
1                   2                  3                4                5  
Communicating the benefits of Six 
Sigma to employees 
1                   2                  3                4                5  
Differentiating Six Sigma from other 
quality initiatives 
1                   2                  3                4                5  
6d. Customer focus       
Involving customers on projects 1                   2                  3                4                5  
Identifying customer requirements 1                   2                  3                4                5  
Selecting projects that impact favorably 
on customer satisfaction 
1                   2                  3                4                5  
Applying Six Sigma to order winners 
and qualifiers 
1                   2                  3                4                5  
6e. Education and training  
Training of MBs, BBs, GBs and YBs 1                   2                  3                4                5  
Six Sigma awareness training for all 
employees 




Implication of other training courses 1                   2                  3                4                5  
6f. Clear performance metrics  
Creating a measurement of a process 1                   2                  3                4                5 
6g. Organizational readiness  
Organizational experience with 
improvement programs 
1                   2                  3                4                5  
Organizational understanding of work 
process 
1                   2                  3                4                5  
6h. Attaching the success to financial 
benefits 
1                   2                  3                4                5  
 






This section is divided into two sub-sections. First sub-section attempts to identify various 
process parameters which are critical to service quality. Second one is aimed at identifying the 
tools and techniques which are important while applying Six Sigma for process improvement. 
 
C.1: Critical to Quality Characteristics (CTQs) 
 
7. Key measurable indicators of service process in your organization which you feel can be 
improved through Six Sigma  
 
  Time  
     Service time         Waiting time    Cycle time 
 Service cost              Employee behaviour         
 Information provided to customer 
     Accurate information to customer             Timely information to customer  
 Time to restore customer complaints     Time to respond to customer complaints 
 Others (please specify):________________________________________________ 
________________________________________________________________________ 
 
C.2: Tools and Techniques 
 
8a. Frequency of tools being used while applying DMAIC. Please mention the stage at which you 
are using a particular tool (If a tool is used in multiple stages, in that case you can mention more 
than one stage). The stages are: 
 
D – Define   M – Measure  A – Analyze 
I – Improve  C – Control  
 






Scale 1 2 3 4 5 
Degree Never Seldom Sometimes Often Frequently 
     
            Tools                                                                                                         Stage 
Cause and effect analysis 1              2             3            4              5        (D/   M/   A/  I/  C) 
Pareto analysis 1              2             3            4              5        (D/   M/   A/  I/  C) 
Fishbone diagram 1              2             3            4              5        (D/   M/   A/  I/  C) 
Brainstorming 1              2             3            4              5  (D/   M/   A/  I/  C) 
Check sheet 1              2             3            4              5  (D/   M/   A/  I/  C) 
Control chart 1              2             3            4              5  (D/   M/   A/  I/  C) 
Histograms  1              2             3            4              5  (D/   M/   A/  I/  C) 
Normal probability plot 1              2             3            4              5  (D/   M/   A/  I/  C) 
Process capability 1              2             3            4              5  (D/   M/   A/  I/  C) 
Cost of quality 1              2             3            4              5  (D/   M/   A/  I/  C) 
Flowchart  1              2             3            4              5  (D/   M/   A/  I/  C) 
Matrix diagram 1              2             3            4              5  (D/   M/   A/  I/  C) 
Relations diagram 1              2             3            4              5  (D/   M/   A/  I/  C) 
Work-flow diagram 1              2             3            4              5  (D/   M/   A/  I/  C) 
Tree diagram 1              2             3            4              5  (D/   M/   A/  I/  C) 
Scatter diagram 1              2             3            4              5  (D/   M/   A/  I/  C) 
Failure mode effect 
analysis 
1              2             3            4              5  (D/   M/   A/  I/  C) 
Mistake proofing 1              2             3            4              5  (D/   M/   A/  I/  C) 
Analysis of variance 1              2             3            4              5  (D/   M/   A/  I/  C) 
Decision matrix 1              2             3            4              5  (D/   M/   A/  I/  C) 
Design of experiments 1              2             3            4              5  (D/   M/   A/  I/  C) 
Root cause analysis 1              2             3            4              5  (D/   M/   A/  I/  C) 
Project management 1              2             3            4              5  (D/   M/   A/  I/  C) 
Regression/correlation 
analysis 
1              2             3            4              5  (D/   M/   A/  I/  C) 
Statistical process control 1              2             3            4              5  (D/   M/   A/  I/  C) 
Engineering process control 1              2             3            4              5 (D/   M/   A/  I/  C) 
 






8b. Are you involved in New Service Development (NSD)?                                   Yes/No 
 
8c. Do you apply Design for Six Sigma (DFSS) in NSD projects?                        Yes/No  
 
If your answer to question ‘8c’ is “Yes”, please answer the next question. Otherwise go to next 





8d. Frequency of tools being used while applying DFSS. Please encircle the appropriate number 
according to the given criteria. 
 
 
Scale 1 2 3 4 5 
Degree Never Seldom Sometimes Often Frequently 
                    
        
           Tools                           
Structured analysis and design 
technique 
1                    2                  3                 4                   5        
Function analysis 1                    2                  3                 4                   5        
Service blueprinting 1                    2                  3                 4                   5        
Quality function deployment  1                    2                  3                 4                   5        
Root cause analysis 1                    2                  3                 4                   5        
TRIZ (Theory of inventive problem 
solving) 
1                    2                  3                 4                   5        
Axiomatic design 1                    2                  3                 4                   5        
 
 








9. In case of any quality initiative the outcome is the most important. This section is aimed at 
identifying the major performance indicators involved, while applying Six Sigma in your 
organization. 
 
Scale 1 2 3 4 5 








Efficient service      1                  2                   3                   4                   5        
Reduction in cost      1                  2                   3                   4                   5        
Timely delivery      1                  2                   3                   4                   5        
Customer satisfaction      1                  2                   3                   4                   5        
Employee satisfaction      1                  2                   3                   4                   5        
Reduced variation      1                  2                   3                   4                   5        
Improved market share      1                  2                   3                   4                   5        
Financial benefits      1                  2                   3                   4                   5        
 











10. This section attempts to identify the possible obstacles in applying Six Sigma in service 
industries. 
The reasons for not applying Six Sigma (you may tick more than one option) 
 
  Unknown to us 
 Time consuming 
 High cost of training 
 Too complex to use 
 Too complex to learn and train 
 Difficulty in identifying process parameters to be improved 
 Difficulty in collecting data 

























All information will be kept strictly confidential 
Thank you for your participation
 








Phone: __________________ Fax: _________________ E-mail:__________________ 
 































1. Type of Service Organization 
 
  Banking/Finance          Consultancy            Retail           Hospitality/Hotel   
 Healthcare                    Insurance                Transport      Employment Agency 
 Telecommunication     Utilities: Power, Gas or Water Supply       
 Information Technology       Others (please specify):__________________________   
2. Number of Full-Time Employees in the Organization 
 
 1 – 19              20 – 49             50 – 99            100 – 199                 200 – 499                     
 500 – 999        1000 – 1999     2000 – 4999    5000 – 10000           > 10000 
3. Business improvement initiatives implemented in the organization 
 
 Quality Assurance                 Quality Control           Business Process Reengineering 
 Total Quality Management   None                           
 Others (please specify): 
________________________________________________________________________ 
 
SIX SIGMA INITIATIVE 
 
4. The reasons for preferring Six Sigma over other initiatives like, TQM, 
Business Process Reengineering, Lean, etc. 
 
 Easy to use                     Systematic approach                     Easy to train personnel 
 High bottom line results  
    Others (please specify): 
________________________________________________________________________ 













6. How is the initial learning experience of Six Sigma? i.e., the difference between 





7. What is the approach for training personnel of the organization in Six Sigma? 





















10. What you feel are the major factors which help in successfully completing the 
project? 
  Management support           Support of team members             Availability of funds  








11. How many projects have your organization finished so far? 
 
      < 10                                             10 – 20                                          20 – 30  
  30 – 40                                         40 – 50                                         > 50     
12. How many of them are successful? 
 
______________________________________________________________________ 
13. Reasons behind unsuccessful projects? 
 
 Lack of management support         Lack of funds            Lack of employee support 





SIX SIGMA PROCESS 
 
14. What are the common quality characteristics of the process which need to be 
improved? 
 
 Time  
     Service time                            Waiting time                            Cycle time 
 Service cost                                 Employee behaviour 
 Information provided to customer 
     Accurate information to customer                Timely information to customer  
 Time to restore customer complaints      Time to respond to customer complaints 
 Others (please specify):________________________________________________ 
______________________________________________________________________ 
 
15. How do you decide upon the tools to be used at various stages of DMAIC cycle 









16. What are the common tools you feel can be used across projects for different 
stages of DMAIC? 
 
DEFINE  
  Project prioritization                   Project charter                     SIPOC diagram                                    
 VOC analysis                              CTQ definition                    Process map/Flow chart 
 Stakeholder analysis                   Others (please specify):________________________ 
________________________________________________________________________ 
MEASURE  
 Measurement system analysis      Pareto diagram                Run chart                             
 Control chart                                Process capability            Process sigma calculation 
 Others (please specify):___________________________________________________ 
________________________________________________________________________ 
ANALYZE  
 Cause and effect diagram             Brainstorming                   Process map/Flow chart 
 FMEA                                           Data analysis                    Hypothesis testing                  
 Correlation and regression            Design of experiments 
 Others (please specify):___________________________________________________ 
________________________________________________________________________ 
IMPROVE  
 Creative thinking                           Force field analysis           5 Why analysis 




 Statistical process control              FMEA  






17. What are the performance indicators you look for when you are selecting the 
project? 
 
  Efficient service                     Reduction in cost                            Timely delivery  
 Customer satisfaction            Employee satisfaction                    Reduced variation 
 Improved market share          Financial benefits 
 




















21. What you feel is the most important aspect of Six Sigma which made its 



































































Case Study Protocol 

























1. Work Procedure – What to do and observe before the interview phase 
1.1 Preliminary schedule of company visits 
1.1.1 Examination of advanced information 
1.1.2 Verification of admittance 
1.1.3 Special documents 
1.2 The properties of the questions and a description of the groupings of people to be 
interviewed 
1.2.1 Facts about the questions and the choice of inquiry method 
1.2.2 People responsible for Six Sigma implementation 
1.3 Training of the person in charge of case studies 
1.3.1 The aim of the training and areas to train on 
1.3.2 The case study database 
2. Case Study Records – To make and to take into consideration during the 
interview phase 
2.1 General considerations about the questions 
2.2 Assumptions about the Six Sigma implementation  
2.3 Introduction 
2.4 Six Sigma in the organization 
2.4.1 Six Sigma overview 
2.4.2 Six Sigma initiative 
2.4.3 Six Sigma projects 
2.5 Six Sigma process 




2.5.2 Set of tools and techniques (STTs)   
2.5.3 key performance indicators (KPIs)   













































1 Work Procedure – What to do and observe before the interview phase 
1.1 Preliminary schedule of company visits 
1.1.1 Examination of advanced information 
An examination is described here of the advance information that may have been submitted and 
that may be suitable to study before the actual visit to the organization is made. This information 
may be their company information, their operations description, Six Sigma project report, Six 
Sigma project presentation, etc. 
1.1.2 Verification of admittance 
Here it is made sure that the areas that I am supposed to have access to are also accessible. In this 
case the matter is rather a verification that the areas of interrogation to be dealt with will be 
possible to answer, from the point of view of confidentiality. 
1.1.3 Special documents 
Here there is a review of the special documents that should be obtained during the company visit. 
These may be minutes of Six Sigma project meetings, presentations, internal surveys, etc. The 
information that should be obtained before the interviews are made is of general nature and is 
related to Six Sigma implementation, description of DMAIC phases and how it is implemented, 
and by whom, i.e. about team members. This is done in order for me to get acquainted with the 
Six Sigma implementation process in the organization. 
1.2 The properties of the questions and a description of the groupings of people to be 
interviewed 
1.2.1 Facts about the questions and the choice of inquiry method 
The chosen type of question is Non-Form Bound Standardised Inquiries. This choice has been 
made because the method is based on the idea that we must try to understand the informant’s 
world in order to be able to understand the information given by the informant (Hansson, 2003). 




which function equally well for each informant. Hence, the order of the questions must be 
adapted to the informant’s willingness to take up different inquiry areas.  
One alternative is Form Bound Standardised Inquiries. This inquiry method assumes, along the 
other things, that the questions are equally important to each of the informants, and this is the 
main reason why this method is not used for this research.  
The interviews are to be documented though voice recorder. 
1.2.2 People responsible for Six Sigma implementation 
Those who have been responsible and worked operatively with the introduction of Six Sigma will 
be included in the investigation. Here group interviews are an alternative, because those who are 
to be interviewed are assumed already to have worked together on the project, which may result 
in the group being able to function with less inhibition. The number of interviewees is decided on 
the basis of Six Sigma projects and expertise of the group members. 
1.3 Training of the person in charge of the case studies 
1.3.1 The aim of the training and areas to train on 
The aim the training before starting the interview is to refine the interview process that I will 
carry out. The areas to train are: keeping time, creating a pleasant atmosphere, guiding the 
process of inquiry without restricting it, training the ability to ask attendant questions. 
1.3.2 The case study database 
The informations to be documented are described here in order to improve the reliability of case 
studies. These are 
• Case study notes 
• Case study documents such as project reports, articles, project presentations, etc. 




2 Case Study Records – To make and to take into consideration during 
the interview phase 
2.1 General considerations about the questions 
 The questions in the case study record are addressed to the interviewer, so that he/she will be 
able to focus on what he/she is supposed to keep a check on. 
2.2 Assumptions about the Six Sigma implementation 
In order to create a series of questions that is easy to follow and logical, the following division of 
inquiry areas is made: 
• Organizational overview  
• Six Sigma initiative 
• Project selection 
• Six Sigma process 
• Learning experience 
2.3 Introduction 
An introductory presentation between the informant and the interviewer(s). The aim of the 
introduction is to create ease between the informant and the interviewer(s) and to provide the 
necessary background information about the informant. The questions during this phase are: 
a. Please tell me your name and your responsibility in the organization? 
b. How long have you worked in the organization?  
c. What is your expertise in Six Sigma, number of years of experience in Six Sigma, the 
role in the project(s) 
2.4 Six Sigma in the organization 






2.4.1 Six Sigma overview 
The aim is to understand about the organization and what quality initiatives they are using prior to 
Six Sigma. This will provide us with the knowledge that the organization already has some 
quality culture. 
Q1. Type of service organization 
Q2. Number of full-time employees in the organization 
Q3. Business improvement initiatives implemented in the organization  
2.4.2 Six Sigma initiative 
The aim is to identify the reason(s) behind Six Sigma implementation, the preparations taken for 
training the employees for Six Sigma. This will help us in understanding the commitment of the 
organization and participation of employees towards Six Sigma. 
Q4. The reason(s) for preferring Six Sigma over other initiatives 
Q5. Initial preparations done to implement Six Sigma 
Q6. Initial learning experience from Six Sigma training 
Q7. What is the approach in training the employees for Six Sigma?  
2.4.3 Six Sigma projects 
The purpose of this section is to understand the selection criteria of projects in service 
organizations. The answers from this section will help in identifying the factors that are 
considered while selecting projects, how much percentage of projects are successful and reason(s) 
behind unsuccessful projects.  
Q8. What are the criteria of selecting projects?  
Q9. How do you proceed after selecting the project? 
Q10. What you feel are major factors in successful completion of projects? 
Q11. How many projects have been completed so far? 




Q13. Reasons behind unsuccessful projects 
2.5 Six Sigma process 
2.5.1 Critical-to-quality (CTQ) characteristics 
The aim is to identify the process parameters improved through Six Sigma in service 
organizations. 
Q14. What are the common quality characteristics of the process which needs to be improved? 
2.5.2 Set of tools and techniques (STTs) 
The purpose is to identify the tools and techniques commonly used in service organizations as per 
different phases of Six Sigma methodology. The answers will also help in identifying the 
selection criteria of tools and techniques during projects. 
Q15. What are the selection criteria of the tools and techniques? 
Q16. What are the common tools you feel can be used across projects for different stages of 
DMAIC? 
Q18. If there is variation in using tools then what are the factors which lead to this variation? 
2.5.3 Key performance indicators (KPIs) 
The aim is to identify the key performance indicators considered during Six Sigma 
implementation.  
Q17. What are the performance indicators you look for when you are selecting the project? 
2.6 Reflections of Six Sigma implementation 
The aim is to identify the organizations’ experience with the Six Sigma implementation, its 
relevance to service organizations and how the organization thinks that the work with the given 
components has functioned. 
Q19. What is the overall feeling about Six Sigma? 




Q21. What you feel is the most important aspect of Six Sigma which made its application 
widespread?  
Q22. What are the major problems faced at various stages of Six Sigma implementation? 
Q23. How these problems are overcome? 
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1. Multiple Case Studies (SERV1 – SERV14) 
1.1 Background: Singapore Public Service Organizations 
The study is presented to discuss about Six Sigma deployments in Public Service 
organizations in Singapore. Information for the case study was obtained from articles, 
reports, interviews, speeches, and presentations published in websites, journals, 
magazines, newspapers, etc. At the time of this study, over 150 projects have been 
successfully completed with an estimated savings of over $9 million15. The case studies 
analyze the implementation process of Six Sigma projects and discuss the findings on the 
basis of critical success factors (CSFs), critical-to-quality (CTQ) characteristics, set of 
tools and techniques (STTs), and key performance indicators (KPIs). 
PS21 (Public Service for 21st Century) movement was launched in 1995 to prepare the 
Public Service in Singapore to be in time for the future. In 1999, The Managing for 
Excellence (MFE) was formed as the Executing Change pillar of PS2116. The aim of 
MFE is to provide the tools and frameworks for the public agencies, which will enable 
them to effectively use their resources to create an excellent public service. 
Since 1999, public services under MFE have worked together to implement various 
initiatives such as the Economy Drive and Cut Red Tape movement. Besides these, the 
public sector also adopts best practices from the private sector and benchmarks 
themselves against national and international standards. The public sector adopted 
Singapore Quality Award (SQA) framework for total organizational excellence as well as 
other standards such as People Developer Standard to address specific areas of 
organizational excellence. As a result of these initiatives, by 2004, there were 4 public 
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agencies which have won the SQA and 128 have joined the rank of Singapore Quality 
Class16. 
The public agencies have also embraced other useful quality management initiatives such 
as Balanced Scorecard, Net Economic Value concepts, and Six Sigma in order to achieve 
organizational excellence.  
2. Case Study 1 (SERV 15) 
2.1 Background: Starwood Hotels and Resorts 
The case study discuss about the aspects of Six Sigma implementation in a world’s 
leading hotel and leisure organization with approximately 750 properties in more than 80 
countries and 120,000 employees17. Information for the case study was obtained from 
articles, reports, interviews, speeches, and presentations published in magazines, 
newspapers, websites, etc. This case study analyzes the implementation process of Six 
Sigma projects and discusses the findings on the basis of CSFs, CTQ, STTs, and KPIs. 
Starwood capital group was found by Barry Sternlicht in 1991, with support from Ziff 
and Burden families. However, the company did not make its first big bid into the 
hospitality industry until 1995 when Starwood, with backing from Goldman Sachs and 
Nomura Securities, purchased Westin Hotels (now Westin Hotels and Resorts) from the 
Japanese Construction firm Aoki18.  
Since then Starwood Hotels and Resorts Worldwide Inc. has become one of the leading 
hotel and leisure companies in the world with several properties around the globe and 
over 100,000 employees at its owned and managed properties. Starwood is a fully 
integrated owner, operator and franchisor of hotels and resorts including: St. Regis, The 
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Luxury Collection, Sheraton, Westin, and Four Points by Sheraton and W brands, as well 
as Starwood Vacation Ownership Inc., one of the premier developers and operators of 
high-quality vacation interval ownership resorts19. 
In 2001, Starwood embraced Six Sigma in order to develop innovative customer focused 
solutions and to transfer these solutions across the global organization. 
3. Case Study 2 (SERV 16) 
3.1 Background: The Hospital 
The case study of the local hospital in Singapore is presented to highlight its Six Sigma 
journey. Information for the case study was obtained from documentations, personal 
observations, and interviews with the Director (Quality Management Office), the Head 
(Department of Emergency Medicine), and team members of two ongoing projects on Six 
Sigma. At the time of this study, the hospital has successfully completed in between 20 to 
30 Six Sigma projects throughout the organization. This case study analyzes the 
implementation process of Six Sigma projects and discusses the findings on the basis of 
CSFs, CTQ, STTs, and KPIs. 
Established in 1938, the hospital served as the principal hospital for the British and was 
known as the British Military Hospital. In 1971, the hospital was handed over to 
Singapore Government and got its current name. In 2000, it was restructured to provide 
better healthcare and its management was transferred from Ministry of Health to National 
Healthcare Group, which manages a network of hospitals, national centers, and 
polyclinics. 
As a part of restructuring, a management team with diverse background with a deep 
understanding of the business was formed. One of the initiatives by the newly formed 
                                                            




management team was to invite patients to identify the constituents of a good hospital. 
This resulted in20  
• Respect of patient’s dignity 
• Providing information 
• Facilitating access to integrated care and services 
• Delivering consistent, good quality care and services 
• Providing cost effective care 
The restructuring journey involved the quest to become the best in healthcare. This was 
achieved by benchmarking against the best and listening from their (Kameda Medical 
Center, Japan; Mayo Clinic, USA) experience. The hospital also learnt from various 
luminaries and business doyens of organizations such as DBS Bank, Raffles Holdings 
Ltd, Media Development Authority of Singapore, and IKANO Pte Ltd. The staffs also 
benefited by organization visits involving Citibank, Citycab, Mc Donald’s, National 
Library Board, Ritz Carlton Millennia Hotel, Singapore Airlines, Singapore Zoological 
Gardens, Toyota Bodycare (Singapore), and Toyota Manufacturing Plant (Japan)20.  
The hospital was one of the seven public service organizations to participate in the pilot 
phase of Singapore Government’s initiative of Six Sigma implementation. Their Six Sigma 
efforts saw the reduction in time for patient admission at the Department of Emergency Medicine 
from 60 minutes to 37 minutes within two months of project implementation in 200121. The 
efforts saw them winning the prestigious Singapore H.E.A.L.T.H. (Gold Category) award, 2001. 
Since then they have been awarded Singapore Quality Class in 2002 (renewed in 2006), Public 
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Service Award for Organizational excellence in 2002 and Singapore H.E.A.L.T.H (Platinum 
Category) in 200522. 
4. Case Study 3 (SERV 17) 
4.1 Background: Construction and Related Engineering Service 
The case study of a construction and related engineering service organization in 
Singapore is presented to highlight its Six Sigma journey. Information for the case study 
was obtained from documentations and interviews with the Assistant Director, and the 
Senior Development Officer. At the time of this study, the organization has successfully 
completed in between 10 to 20 Six Sigma projects throughout the organization. This case 
study analyzes the implementation process of Six Sigma projects and discusses the 
findings on the basis of CSFs, CTQ, STTs, and KPIs. 
The organization is under the Ministry of National Development, championing the 
development of an excellent built environment for Singapore. Built environment refers to 
buildings, structures, and infrastructures in the surroundings that provide the setting for 
the community’s activities23. 
The organization embarked on its Six Sigma journey in 2003, to join Singapore 
Government’s initiative of Six Sigma implementation. Their initial projects involved; 
improve CONQUAS (Construction Quality Assessment System) assessment quality, and 
reduction in the number of suspensions in TOP/CSC applications. 
Their Six Sigma efforts saw the rise in degree of consistency in assessment from 70.9% 
to 86.6% and reduction in approximately 30% in the number of suspensions.  These 
efforts saw them winning the prestigious Gold and Silver prizes in National Quality 
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Convention in 2003.  Since then they have been awarded Singapore Quality Class 
(renewed in 2005) and Singapore H.E.A.L.T.H (Gold Category) in 200624. 
5. Case Study 4 (SERV 18) 
5.1 Background 
The case study of the consultancy service organization in Singapore is presented to 
highlight its Six Sigma journey. Information for the case study was obtained from 
documentations, and interviews. At the time of this study, the organization has 
successfully completed around 5 Six Sigma projects throughout the organization. This 
case study analyzes the implementation process of Six Sigma projects and discusses the 
findings on the basis of CSFs, CTQ, STTs, and KPIs. 
The organization was established on 1st April 2001 as a subsidiary of the former 
Productivity and Standards Board. It is a well recognized business solutions provider that 
offers academic courses, corporate training, consultancy, product testing and product 
certification services, product and process development and improvement services, 
systems automation as well as product certification. With more than 20 years of 
experience in each of the core businesses, the organization has built its reputation on the 
excellent quality services provided to its customers. In 2006, it was divested along with 
its sister concern to a German corporation25.  
The organization consists three business units; Testing Group, Academy and Consulting 
Group, and Technology Group. The Corporate Services Division which is in charge of 
Human Resource, Finance, Administration and Building, Marketing and 
Communications provides support services to the three business units. 
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The organization has a strong quality culture ingrained in the organization. They are 
already ISO9000 certified and also use tools such as Quality Circles and 5S for 
improving their processes. It embarked on its Six Sigma journey in 2004, with an 





















































We are writing to invite your company to participate in a study on the application of Six Sigma in 
service organizations.  The purpose of this project is to understand the extent of Six Sigma usage 
in service industries.  We hope the findings would lead to further applications and new uses for 
Six Sigma. 
 
We would be grateful if you or your employee in charge of Six Sigma deployment (e.g., Master 
Black Belt or Black Belt) can complete the enclosed questionnaire.  All responses will be treated 
in strict confidence.  No company or individual data will be revealed. 
 
If you have not implemented Six Sigma then please answer only one section in the 
questionnaire as directed. 
 
Please do not hesitate to contact us if you need further information.  We keenly look forward to 
hearing from you.  On behalf of the research team, we appreciate your valuable time and thank 
you very much in advance for your participation in our research project. 
 
This should only take 20 minutes to complete. 
 
Please complete this survey before 15/08/08. 
 
Click here to begin: 
https://esurvey.nus.edu.sg/onlinesurvey/six_sigma_survey.htm  
 
If the link is not highlighted, copy and paste it into the address bar of your browser's window. 
 
By participating you will receive a complete copy of the results of this survey. Your contact is 
obtained by using the OSIRIS Database. 
 

























Two weeks ago, we sent you a questionnaire on the application of Six Sigma in service industries. 
If you have completed the questionnaire, please accept our sincere thanks. If not, we would 
appreciate if you could complete and return them as soon as possible. This survey has been sent 
out to various service organizations; your information is very important to our study. You may 
also submit the questionnaire either by fax or e-mail.   
 
The link for the questionnaire is: https://esurvey.nus.edu.sg/onlinesurvey/six_sigma_survey.htm 
 
If the link is not highlighted, copy and paste it into the address bar of your browser's window. 
 
 
Please do not hesitate to contact us if you need further information.  We keenly look forward to 
hearing from you.  On behalf of the research team, we appreciate your valuable time and thank 
you very much in advance for your participation in our research project. 
 
This should only take 20 minutes to complete. 
 
Please complete this survey before 28/08/08. 
 
By participating you will receive a complete copy of the results of this survey. Your contact is 
obtained by using the OSIRIS Database. 
 



























SIX SIGMA IN SERVICE ORGANIZATIONS - A 
STUDY 
 
The questionnaire should take less than 20 minutes to complete.If requested, 
respondents who participate in this study will receive a summary of the results of 
this survey, which may provide new insights into the implementation of Six 
Sigma in service organizations such as yours. For this purpose please complete 










 Address:  
 




 E-mail:  
E-mail address must be provided to receive a copy of this study 
 






Please indicate your position in your organization 
  General Manager 
  Quality Service Manager 
  Functional Manager 
  Area/Business Sector Manager 




Please indicate your experience in Six Sigma, by indicating the number of years 




  < 1 Year  
  1 to 2 Years 
 
 3 to 5 Years 
  6 to 10 Years 




Please indicate your skills in Six Sigma, as below 
  Champion 
  Master Black Belt 
  Black Belt 
  Green Belt 
  Yellow Belt 




Please indicate whether your Six Sigma responsibility is full-time or part-time 
  Full-time Involvement 




Please indicate the service area of your organization 
  Banking/Finance 
  Consultancy 
  Employment Agency 
  Healthcare 
  Hospitality/Hotel 
  Information Technology 
  Insurance 
  Retail 
  Telecommunication 
  Transport 
  Utilities 




Number of full-time employees in your organization 
  1 to 19 
  20 to 49 
  50 to 99 




  200 to 499 
  500 to 999 
  1000 to 1999 
  2000 to 4999 
  5000 to 10000 




Within which sector does your organization operate 
  Public 
  Private 
  Not-for-Profit/Community 




Does your organization have a Quality Department 
  Yes 




Number of full-time employees in Quality Department of your organization 
  1 to 19 
  20 to 49 
  50 to 99 
  100 to 199 
  200 to 499 
  500 to 999 
  1000 to 1999 
  2000 to 4999 




Do you have any of the following Quality Systems in place 
  ISO 9001 
  ISO 9002 
  ISO 9003 
  ISO 9004 
  MBNQA (Malcolm Baldrige National Quality Awards) 
  EFQM (European Foundation for Quality Management)  










Business improvement initiative implemented in your organization 
  Business Process Reengineering 
  Quality Assurance 
  Quality Control 
  Total Quality Management 
  None 




Has Six Sigma been implemented in your organization* 
  Yes 
  No 
  Partially 
 
* If your answer to the above question is “No” then please proceed to “Section 




How long has your organization been using the Six Sigma initiative 
  < 1 Year 
  1 to 4 Years 
  4 to 6 Years 




Average sigma capability level of your core business processes 
  < 1 Sigma 
  1 to 2 Sigma 
  2 to 3 Sigma 
  3 to 4 Sigma 
  4 to 5 Sigma 
  > 5 Sigma 




How many Six Sigma projects have your organization completed 
  < 10 




  20 to 30 
  30 to 40 
  40 to 50 




This section attempts to identify the success factors which are required while 
implementing Six Sigma in your organization. Please check the appropriate 
number according to the given 5-point scale. 
 
1 - Not Important; 2 - Somewhat Unimportant; 3 - Neutral;  





1 2 3 4 5 
Management commitment and 
involvement 
     
Organization-wide commitment       
Management of cultural change       
Customer focus      
Education and training      
Clear performance metrics       
Organizational readiness      
Support of team members       
Linking Six Sigma to business 
strategy 





This section is divided into two sub-sections. First sub-section attempts to identify 
various process parameters (critical-to-quality characteristics) which are critical to 
process improvement. Second one is aimed at identifying the tools and techniques 
which are important while implementing Six Sigma for process improvement. 
 
Q18. Critical-to-Quality (CTQ) 
 












Please indicate the key measurable process parameters of service process in your 
organization which you feel can be improved through Six Sigma 
  Time  
  Service Time 
  Waiting Time 
  Cycle Time 
  Turnaround Time 
  Service Cost 
  Information Provided to Customers 
  Accurate Information to Customers 
  Timely Information to Customers  
  Time to Restore Customer Complaints 
  Time to Respond to Customer Complaints 
  Employee Behaviour 
  Yield 
  Customer Satisfaction 
  Customer Return Rate 




Frequency of tools and techniques being used while applying DMAIC methodology. 
Please mention the phase at which you are using a particular tool or technique (if a tool or 
technique is used in multiple phases, in that case you can mention more than one phase). 
The phases are: 
D - Define; M - Measure; A - Analyze; I - Improve; C - Control 
Please check the appropriate number and the phase(s) according to the given criteria. 
1 - Never; 2 - Seldom; 3 - Sometimes; 4 - Often; 5 – Frequently 
 
 1 2 3 4 5 
Cause and effect analysis       
Pareto analysis       
Fishbone diagram      
Brainstorming      
Check sheet      
Control chart      
Histograms      
Normal probability plot      
Process capability      
Cost of quality      




Matrix diagram      
Relations diagram      
 
Work-flow diagram      
Tree diagram      
Scatter diagram      
Failure mode effect analysis      
Mistake proofing       
Analysis of variance       
Decision matrix      
Design of experiments      
Root cause analysis      
Project management      
Regression/correlation analysis      
Statistical process control      
 
 D M A I C 
Cause and effect analysis       
Pareto analysis       
Fishbone diagram      
Brainstorming      
Check sheet      
Control chart      
Histograms      
Normal probability plot      
Process capability      
Cost of quality      
Flowchart      
Matrix diagram      
Relations diagram      
Work-flow diagram      
Tree diagram      
Scatter diagram      
Failure mode effect analysis      
Mistake proofing       
Analysis of variance       
Decision matrix      
Design of experiments      
Root cause analysis      
Project management      
Regression/correlation analysis      










Please indicate the selection criteria for tools and techniques 
  Nature of business 
  Nature of project(s) 
  Nature of collected data 
  Familiarity of Project Leader/Black Belt with the set of tools and  
           techniques 
  Suggestions from external consultant 




In case of any quality initiative the outcome is most important. This section is 
aimed at identifying the key performance indicators (KPIs) involved, while 











Some of the KPIs identified during Six Sigma implementation for your 
organization 
  Efficient service 
  Reduction in cost 
  Timely delivery 
  Customer satisfaction 
  Employee satisfaction 
  Reduced variation 
  Improved market share 
  Financial benefits 
  Cost of poor quality 





This section attempts to identify the possible difficulties faced by service 








Please indicate the difficulties faced during Six Sigma implementation 
  Difficulty in data collection 
  Part-time involvement in Six Sigma projects 
  Identification of projects 
  Too complex to use 
  Too complex to learn and train 
  Extension of project timeline 
  Difficulty in identifying process parameters to be improved 
  Difficulty in deciding about the scope of project 
  Difficulty in identifying projects in long run 
  Staff turnover between the project/after training 




This section aims to identify possible obstacles in Six Sigma implementation in 




Please indicate the reasons for not implementing Six Sigma 
  Unknown to us 
  Time consuming 
  High cost of training 
  Too complex to use 
  Too complex to learn and train 
  Difficulty in identifying process parameters to be improved 
  Difficulty in collecting data 
  Others (please specify): 
______________________________________________________ 
If you prefer to print this questionnaire, please fill it out, and send it to:  
 
Ayon Chakrabarty 
E1-07-19, Ergonomics Lab, 
Department of Industrial and Systems Engineering 
National University of Singapore 
10 Kent Ridge Crescent 
Singapore 119260 
 
HP: +65 9015 6874         Fax: +65 6777 1434        E-mail: g0403855@nus.edu.sg  
 




































































SERV1 - SGP Healthcare 1000-1999 1 to 19 3 to 5 NA Part-time 10 to 20 NA 
1 - 2 
Sigma 
To a certain 
level of 
employee 
SERV2 - SGP Insurance 200-499 NA 1 to 3 NA NA <10 NA >5 Sigma NA 
SERV3 - SGP 
Public 
Service 200-499 NA 3 to 5 NA Part-time 10 to 20 NA NA 
To a certain 
level of 
employee 
SERV4 - SGP 
Public 
Service 1000-1999 NA 1 to 3 NA Part-time 10 to 20 NA 
3 - 4 
Sigma 
To a certain 
level of 
employee 
SERV5 - SGP 
Public 
Service 2000-4999 1 to 19 1 to 3 NA Part-time <10 NA 
3 - 4 
Sigma 
To a certain 
level of 
employee 
SERV6 - SGP Logistics 50-99 1 to 19 3 to 5 NA NA <10 NA 
3 - 4 
Sigma NA 
SERV7 - SGP Transport >10000 NA 1 to 3 NA NA 10 to 20 NA NA NA 
SERV8 - SGP Transport 5000-10000 20-49 <1 NA NA <10 NA 
2 - 3 
Sigma NA 
SERV9 - SGP 
Public 
Service 200-499 1 to 19 1 to 3 NA Part-time <10 NA 
1 - 2 
Sigma 
To a certain 
level of 
employee 
SERV10 - SGP Education 1000-1999 1 to 19 1 to 3 NA Part-time <10 NA 
1 - 2 
Sigma 
To a certain 
level of 
employee 
SERV11 - SGP Consultancy 500-999 NA 1 to 3 NA Part-time <10 NA NA 













































SGP Healthcare 1000-1999 1 to 19 3 to 5 NA Part-time 10 to 20 NA 
1 - 2 
Sigma 










Service 200-499 NA 3 to 5 NA Part-time 10 to 20 NA NA 




SGP Telecom NA NA NA NA NA NA NA NA NA 
CSSERV5 - 
SGP Utilities 2000-4999 1 to 19 1 to 3 NA Part-time <10 NA 
3 - 4 
Sigma 




SGP Finance NA NA NA NA NA NA NA NA NA 
CSSERV7 - 
SGP Transport NA NA NA NA NA NA NA NA NA 
CSSERV8 - 




Service 200-499 1 to 19 1 to 3 NA Part-time <10 NA 
1 - 2 
Sigma 






Service NA NA NA NA NA NA NA NA NA 
CSSERV11 - 









SGP Transport NA NA NA NA NA NA NA NA NA 
CSSERV14 - 
SGP Healthcare NA NA NA NA NA NA NA NA NA 
CSSERV15 - 




Service NA NA NA NA NA NA NA NA NA 
 
Details of Respondents of Large-Scale Survey 






































SERVF 1 - 
IND  
Information 
Technology 2000-4999 20-49 1-4 Years NA Full-time <10 NA 3-4 Sigma NA 
SERVF 2 - 
NLD Publishing >10000 0 1-4 Years NA Part-time >50 NA Not Sure NA 
SERVF 3 - 
CAN Pharma Research 
5000-
10000 1 to 19 1-4 Years >100 K  Full-time >50 70 2-3 Sigma 
To a certain 
level of 
employee 
SERVF 4 - 
IND 
Information 
Technology >10000 100 - 199 4-6 Years NA Full-time >50 NA 2-3 Sigma NA 
SERVF 5 - 
IND 
Manufacturing and 
after Sales Service 2000-4999 0 4-6 Years >100 K Full-time 20-30 10 2-3 Sigma 
Throughout the 
organization 
SERVF 6 - 
IND 
Information 
Technology >10000 200 - 499 4-6 Years >100 K Full-time >50 75 4-5 Sigma 
To a certain 
level of 
employee 
SERVF 7 - 
IND 
Manufacturing and 
after Sales Service >10000 200 - 499 1-4 Years 20-50 K Part-time >50 80 3-4 Sigma 
Throughout the 
organization 





SERVF 9 - 
USA 
Information 
Technology >10000 500 - 999 >6 Years NA Full-time >50 NA 3-4 Sigma NA 
SERVF 10 - 
IND Telecommunication 200-499 1 to 19 4-6 Years NA Full-time 20-30 NA 2-3 Sigma NA 
SERVF 11 - 
USA Banking/Finance >10000 50 - 99 NA NA Part-time >50 NA Not Sure NA 
SERVF 12 - 
DEU 
Manufacturing and 
after Sales Service >10000 100 - 199 1-4 Years >100 K Full-time >50 110 1-2 Sigma 
To a certain 
level of 
employee 
SERVF 13 - 
IND Telecommunication 1000-1999 20 - 49 1-4 Years NA Full-time <10 NA 3-4 Sigma NA 
SERVF 14 - 
USA 
Engineering 





Details of Respondents of Large-Scale Survey 






































SERVP 1 - 
IND 
Infrastructure - 
Airports 2000-4999 20 - 49  
1-4 
Years >100 K Part-time 10 to 20 0 
3-4 
Sigma 
To a certain 
level of 
employee 
SERVP 2 - 
USA Transport 2000-4999 20 - 49 
4-6 
Years NA Part-time 40-50 NA 
2-3 
Sigma NA 
SERVP 3 - 
IND Geospatial 500-999 50 - 99 
1-4 
Years NA Part-time <10 NA 
2-3 
Sigma NA 
SERVP 4 - 
NLD Transport >10000 100 - 199 <1 Year >100 K Full-time <10 20 
2-3 
Sigma 






SERVP 5 - 
USA 
Fulfillment 
Services 1000-1999 1 to 19 <1 Year NA Full-time <10 NA 
>5 
Sigma NA 
SERVP 6 - 
USA Utilities >10000 100 - 199 
1-4 
Years >100 K Full-time >50 60 
Not 
Sure 
To a certain 
level of 
employee 
SERVP 7 - 
SGP 
Information 
Technology 1000-1999 1 to 19 
1-4 
Years NA Part-time <10 NA 
Not 
Sure NA 
SERVP 8 - 
HKG Education 2000-4999 50 - 99 >6 Years NA Part-time 0 >10 
Not 
Sure 
To a certain 
level of 
employee 
SERVP 9 - 
NLD Transport >10000 20 - 49 
1-4 
Years >100 K Full-time 10 to 20 20 
3-4 
Sigma 
To a certain 
level of 
employee 
SERVP 10 - 
MYS Banking/Finance 50-99 1 to 19 <1 Year NA Part-time <10 NA 
2-3 
Sigma NA 
SERVP 11 - 
CAN Transport 20-49 1 to 19 <1 Year NA Full-time <10 NA 
1-2 
Sigma NA 
SERVP 12 - 
IND  
Manufacturing 
and after Sales 
Service 2000-4999 100 - 199 <1 Year NA Part-time <10 3 
2-3 
Sigma 
To a certain 
level of 
employee 
SERVP 13 - 
SGP Education 
5000-
10000 1 to 19 
1-4 
Years NA Full-time <10 NA 
2-3 
Sigma NA 
SERVP 14 - 
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